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A PFELIMINARY COLLATION OF THE 
THEFMODYNAMIC AND TRANSPOFQ PROPEFQIES OF POTASSIUM 
H. W. Hoffman and B. C o x  
ABSTRACT 
This memorandum compiles data on the  propert ies  of potas- 
sium i n  the  saturated-l iquid and saturated-  and superheated-vapor 
s t a t e s  and i s  intended t o  provide a convenient and consis tent  
data  source f o r  those engaged i n  the  design and evaluation of 
power systems based on thermodynamic cycles using potassium as 
the  working f l u i d .  Included are  (1) the  nuclear propert ies  - 
cross sec t ion  t o  thermal neutrons, na tura l  isotopic  abundance, 
radionuclide decay charac te r i s t ics ,  and neutron interact ions,  
(2) t he  thermodynamic propert ies  - physical constants, c r i t i c a l  
state conditions, sonic ve loc i t ies ,  PVT relat ionships  (equation 
of state, vapor pressure, density, and compressibil i ty),  enthalpy, 
l a t e n t  heat of vaporization, heat capacity, entropy, and surface 
tension, and (3) the  t ranspor t  propert ies  - v i s c o s i t y ,  thermal 
conductivity, and e l e c t r i c a l  r e s i s t i v i t y .  The data a re  presented 
both i n  tabular  form (summarizing avai lable  data)  and i n  graphical 
form (giving the  recommended values).  
evaluation of the data is  attempted; and while the s i t ua t ion  is  
somewhat b e t t e r  than fo r  t he  cesium propert ies  (presented i n  a 
companion repor t ) ,  there  is an indicated need f o r  addi t iona l  mea- 
surements of  some propert ies .  
A preliminary and l imited 
1 
2 
IPJT RODUCT I O N  
The thermodynamic, t ransport ,  and nuclear propert ies  of saturated 
l i qu id  and vapor potassium a re  presented i n  the sect ions which follow. 
The properties of superheated vapor a re  tabulated i n  Appendix B. 
data a re  given both as graphs of each spec i f i c  property over the  temper- 
a ture  range 1100 t o  2500°R cons t i tu t ing  a preliminary recommendation f o r  
design calculat ions and as tabulat ions of avai lable  equations (or data) 
f o r  each property including temperature range of appl icabi l i ty ,  reported 
e r ro r ,  measurement technique, and source and date of t he  investigation. 
Each main sec t ion  i s  preceded by a b r i e f  discussion of the  propert ies  
within that sec t ion  and some preliminary evaluation and j u s t i f i c a t i o n  of 
the recommended data. A minimal amount of de t a i l  i s  included i n  these 
comments; f o r  fur ther  elaboration, reference should be made to the  or ig ina l  
sources. 
The 
To provide some perspective,  a l imited comparison of potassium prop- 
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L i  6.9 357 2430 27 0.004 8338 0.98 43.8 
N a  23,o 208 1619 46 0.02 1666 0.31 28.1 
K 39.1 146 1394 42 0.03 830 o.ig 17.8 
Rb 85.5 102 1270 82 0.06 348 0.09 14.5 
Cs 132.9 83 1236 92 0.11 212 0.06 9.4 
3 
The propert ies  shown were evaluated at the boi l ing  temperature and are 
only approximate. Except f o r  l i qu id  density, a systematic progression 
with increasing atomic weight is noted f o r  each of the tabulated 
propert ies .  
Cesim propert ies  were published i n  a companion report ,  ORNL-TM-1755, 
June 1967. 
4 
PHYSICAL CONSTAHYS AND NUCLEAR PROPEWIES 
Potassium i s  a s o f t ,  si lver-white a l k a l i  metal. It melts a t  145.8"F 
* 
( 6 3 . 2 " ~ )  and bo i l s ,  under atmospheric pressure, a t  1393.9"F (756.6"~) .  
The atomic weight i s  39.102 based on C I 2  = 12.000. 
burn i n  dry a i r  but  w i l l  oxidize slowly a t  room temperature to t h e  s tab le  
superoxide, KO,. The l a t t e r  compound i s  sometimes explosive under as yet 
incompletely defined circumstances. I n  moist a i r ,  the  so l id  encrusts 
rapidly with oxide; a t  higher temperatures, dispersed l i qu id  droplets  w i l l  
burn. Reaction with l i qu id  water is  violent ,  i gn i t i ng  the  l ibera ted  
hydrogen. 
Potassium does not 
Potassium has three  na tura l ly  occurring isotopes with mass numbers 39, 
40, and 41 and abundances as  shown i n  Table 1. 
r a l l y  radioactive with the indicated h a l f - l i f e  of 1.25 x lo9 yr.  
scheme of eo shows a 0.89 probabi l i ty  of emission of a 1.32 MeV e lec t ron  
((3') t o  form Ca4' and a 0.11 probabi l i ty  of e lec t ron  capture followed by a 
1.46 MeV y emission to form Ar"' 
of potassium a re  summarized i n  the lower port ion of Table 1. The multiple 
energies l i s t e d  indicate  a f3- emission t o  an excited s t a t e  followed by a 
y emission to the  ground s t a t e ;  the decay scheme d e t a i l s  are  not shown. 
The isotope Po is  natu- 
The decay 
The cha rac t e r i s t i c s  of t he  radionuclides 
Perhaps of more importance than the  radionuclides of potassium are  i ts  
interact ions with neutrons. The react ions of s ign i f i can t  i n t e r e s t  are  as 
follows : 
7.7 min 
> Ar38  
B'(2.7 Mev) 
y (2.2 Mev) 
* 
Based on vapor pressure determination of Ewing e t  a l .  (see Table 5 
and Fig. 2 ) .  
5 
37.3 min 
> ~ 1 3 8  > Ar38 
p'(4.81, 2.77, 1.1 MeV) 
el 
(n, a> 
y (1.60, 2.15 MeV) 
A summary of the  physical  constants and nuclear propert ies  of 
potassium is given i n  Table 1. 
6 
Table 1. Physical Constants and Nuclear Propert ies  
Chemical Formula 
Atomic Number 
Atomic We ight  
Melting Temperature 
Boiling Temperature (1 a t m )  
Absorption Cross Section t o  0.025 ev 
(the rmal ) Neutrons 
Total  Cross Section t o  0.025 ev Neutrons 
Ionizat ion Po ten t i a l  
Natural Isotopes (Mass Number) 
Isotopic  Abundance 
Radionuclides of Potassium: 
Mass H a l f  -Life Decay Mode 
37 1.2 s 8+ 
38 7.7 B+, Y 
0.95 s B+ 
40 1.25 X lo9 y 8- 
42 12.4 h 8- 





44 22 m 8- 
Y 









4.318 v o l t  
39 40 41 
0.012% 6.88% 
Energy 
(MeV) Decay Product 
5 -1 ArS7 
2.7, 2.2 ArS8 
5 9 1  Ar38 
1.32 ca40 
1.46 Ar40 
3.53, 2-01  ~a~~ 
1-53> 0.31 
0.24, 0.46, 0.83, ca4 
1.22, 1.84 
0.394, 0.591, 0.614, 
1.13, 2.67, 
0.18, 1.7 
0.220, 0.371, 0.388, 
1.01 
1-05? 4.9 ~a~~ 
2.48, 3.6 
? ca4 
a Orbital e l ec t ron  capture.  
7 
TKERMODYNClMIC PROP%WIES 
The thermodynamic propert ies  characterize a substance with respect 
t o  equilibrium s t a t e s .  I n  t h i s  category, we include the cr i t ical  state 
conditions and sonic veloci ty ,  the PVT relat ionships  (vapor pressure, 
density, and compressibil i ty),  the  enthalpy, heat capacity, l a ten t  heats 
of phase change, and entropy, and the  surface tension. 
The vapors of many metals do not behave as idea l  gases because t h e  
molecular weights of such vapors change with changing conditions. This 
a r i s e s  from var ia t ions  i n  the r e l a t i v e  amounts of monomer, dimer, trimer, 
e t c . ,  species present i n  the  vapor as the  temperature changes. Since a 
ce r t a in  amount of energy i s  t i e d  up i n  these polymeric s t a t e s ,  it is nec- 
essary t o  account f o r  these vapor species composition e f f e c t s  i n  calcu- 
l a t i n g  the  thermodynamic propert ies  of the vapor. When t h i s  i s  done, the  
propert ies  are  known as equilibrium propert ies .  On the  other hand, when 
processes occur rapidly - as i n  the nozzle expansion of a vapor - equi- 
l ibrium between the several  vapor species may not be achieved within the  
physical confines of t he  per t inent  component. Calculations a re  then based 
on a f ixed vapor composition, and the  propert ies  a re  known as frozen 
properties.  Generally, under conditions of s h i f t i n g  equilibrium, bracketing 
calculat ions a r e  made using the  extremes of equilibrium and frozen propert ies .  
C r i t i c a l  Propert ies  
The c r i t i c a l  propert ies  of potassium are important i n  the  design of 
vapor compressors and turbines  and useful  i n  the  estimation of the  t rans-  
po r t  propert ies  * Further, some general izat ion of the  propert ies  of d i f -  
fe ren t  substances is possible through the  use of the  reduced s t a t e  concept 
( r a t i o  of a given state t o  the c r i t i c a l  s t a t e ) .  
Except f o r  mercury,192 the  c r i t i c a l  propert ies  of t h e  l i qu id  metals 
have not been measured; and therefore,  it has been necessary t o  resor t  to 
various methods f o r  estimating these propert ies .  Available predicted 
values fo r  potassium a re  compared i n  Table 2. 
used the method of corresponding s t a t e s  (due t o  van der Waals) which re- 
quires, f o r  example, t h a t  the  entropies  of vaporization of various l iquids 
Both Grosse3 and Morris4 
should be equal a t  corresponding reduced temperatures (T = T/Tcrit). r 
Grosse combined t h i s  with the  l a w  of r e c t i l i n e a r  diameter, an empirical 
statement t h a t  the  mean densi ty  - L( 
with temperature and t h a t  a t  T 
on mercury5 to develop the  c r i t i c a l  propert ies  of the  a l k a l i  metals. 
Noviko? estimated the c r i t i c a l  temperatures of t h e  a l k a l i  metals using 
) - decreases l i n e a r l y  
2 P l i q  + pvap sat 
- . He then used information cr i t ’  ’ l iq  ’vap 
the van der Waals relat ionship,  
and the a d d i t i v i t y  of the  van der Waals constants - a and - b i n  chemical 
compounds. He claims good accuracy based on a comparison of calculated 
and measured ( l i t e r a t u r e )  values f o r  mercury. Grosse7 discounted 
Novikov9s r e su l t s  using arguments based on the l a w  of r e c t i l i n e a r  diam- 
e t e r  and on the  predicted compressibil i ty fac tor .  
Dillon e t  a1.* measured l i qu id  and vapor dens i t ies  between room tem- 
perature and up to o r  near the c r i t i c a l  temperature f o r  Na, C s ,  and Rb; 
experimental d i f f i c u l t i e s  precluded measurements with potassium beyond 
# 
1200°C. The data  were analyzed using a va r i e ty  of techniques ( r e c t i l i n e a r  
diameter, Rowlinson p lo t s ,  Kordes p lo t s ,  and a generalized cor re la t ion  of 
reduced densi ty  versus reduced temperature) . 
For c r i t i c a l  temperature and c r i t i c a l  volume, Dillon's e r r o r  span 
encompasses the  predict ions of Grosse and Morris; and Dil lon 's  estimations 
are recommended For the  c r i t i c a l  pressure, Dillon extrapolated the vapor 
pressure r e su l t s  of Bonilla e t  a l .  ;' however, as discussed subsequently i n  
the sec t ion  on Vapor Pressure, Boni l la ' s  r e s u l t s  a r e  somewhat higher than 
the cur ren t ly  recommended values. The base used by Grosse i n  obtaining 
the  c r i t i c a l  pressure w a s  not s ta ted ;  Grosse a l s o  s t a t e s  t ha t ,  i n  general, 
h i s  predictions of Perit a re  the  most uncertain.  
a t  present Dillon's value f o r  Perit. 
We, therefore ,  suggest 
Sonic Velocit ies 
Liquid. The ve loc i ty  of sound i n  l i qu id  potassium a t  i t s  melting 
point has been reported by Kleppa;" t h i s  is shown i n  Table 3 and can be 
expressed by the equation: 
where c 
t ion ,  t h a t  the  data of Kleppa "contain a large systematic e r ro r "  and pro- 
ceed t o  measurements of t h e i r  own. 
but reported values for sodium and NaK-75. T re l in ' s  r e su l t s  f o r  sodium 
at  i ts  melting temperature (97.82"C) is -1% grea ter  than the  value re -  
is  i n  m/sec and T i n  O C .  Trel in  e t  ale" claim, without elabora- K 
They obtained no data on potassium 
ported by Kleppa. Since Kleppa made no measurements on NaK, f u r the r  
comparison between the two invest igators  is not possible.  Hence, there  
i s  no basis f o r  assuming a t  t h i s  time t h a t  Kleppa's r e su l t s  f o r  potassium 
are  incorrect .  
Vapor. Equilibrium and frozen sonic ve loc i t i e s  fo r  saturated vapor 
are shown i n  Fig. 1 and l i s t e d  i n  Table 3. The curves p lo t ted  were taken 
10 
from the calculat ions of Shapiro and Meisl12 as reported by Weatherford 
e t  al.I3 No experimental values were found. 
PVT Relationshim3 
Introduction 
A s  noted above, the vapors of the a l k a l i  metals are known t o  contain 
molecular species of two or more atoms, For potassium, spectroscopic in- 
formation indicates  the presence of K2 (dimer) and K, (tetramer) i n  suf- 
f i c i e n t  abundance t o  a f fec t  the  ca lcu la t ion  of vapor thermodynamic 
propert ies .  
of mobile equ i l ib r i a ;  i .e . ,  t he  r e l a t ive  amounts of K, K2, and K, present 
i n  the  vapor var ies  with the temperature. 
The composition of the  vapor i s  described by a condition 
Two general  methods are used t o  derive the  enthalpy, entropy, and 
heat capacity from experimental PW data. 
s iders  the  gas as a mixture of molecular species and derives equilibrium 
The quasi-chemical method con- 
constants f o r  the mobile equ i l ib r i a .  
by equations of the  form: 
The equation of s t a t e  is  const i tuted 
log ki = Ai + Bi/T 
i = 2, 4 f o r  potassium 
PV = RT/M, 
Ma = equilibrium molecular weight 
These equations can then be used t o  obtain the  other thermodynamic func- 
t i ons ;  see Ewing e t  f o r  fu r the r  discussion. The v i r i a l  equation 
method t r e a t s  
imperfections given by a v i r i a l  equation of s t a t e .  
the  vapor as a monatomic assembly with a l l  apparent 
This equation i s  of 
t h e  form: 
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where A, B, C, D, ... a re  functions of temperature and V is  the  molal 
volume. The v i r i a l  coef f ic ien ts  a re  obtained by graphical or least-squares 
f i t  of the  PVT data.  The other thermodynamic propert ies  are  then developed 
as corrections t o  the monatomic gas i n  terms of these v i r i a l  coef f ic ien ts  
(see Ewing e t  al.14). 
The s t a r t i n g  point for the  calculat ion of any pa r t i cu la r  property i s  
the &solute value of t h a t  property e i t h e r  as saturated l i qu id  or as 
monomeric gas a t  1 a t m .  Calculations then proceed along constant tempera- 
t u r e  l i n e s .  By way of example, following the  monomer - gas -? path t h e  vapor 
enthalpy a t  any pressure i s  determined by adding the enthalpy change t o  
the  corresponding absolute enthalpy f o r  the  ideal gas a t  1 a t m .  The 
enthalpy of saturated l i qu id  i s  then obtained by subtract ing the  enthalpy 
of vaporization from the  saturated vapor enthalpy. Conversely, following 
the l i qu id  path, the saturated vapor enthalpy i s  found by adding the  
enthalpy of vaporization t o  the  corresponding absolute enthalpy of the  
l iqu id .  The enthalpy at  any s t a t e  i n  the superheat region is then obtained 
by adding the  enthalpy change t o  the  enthalpy of the  saturated vapor. 
Ewing e t  al.14 r e s u l t s  show t h a t  calculat ions made by e i t h e r  the 
quasi-chemical or v i r i a l  methods a re  e f fec t ive ly  equivalent.  However, 
for  severa l  reasons, they prefer  t he  v i r i a l  method. Further, they state 
t h a t  va l id  comparison between the  two computational paths can be made only 
f o r  temperatures below 2200°F, since t h i s  temperature i s  the  l i m i t  f o r  
measured l i qu id  heat capaci t ies .  I n  the range 1000 t o  2000°F, absolute 
enthalpies  i n  the  superheat region based on saturated l i qu id  were 0.8 t o  
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1 .l% lower than values 
0.3 to 0.5% lower, and 
based on monomeric gas enthalpies,  entropies  were 
heat capaci t ies  were 1 to 5% lower. Ewing sug- 
gests  t ha t  t h i s  r e l a t i v e l y  constant e r r o r  probably derives from small 
e r ro r s  i n  a base property i n  one or both paths.  For t he  gas path, he 
suggests t h a t  t h i s  e r r o r  may be i n  the  heat of vaporization of s o l i d  
potassium a t  0"R. 
severe discrepancy between the values computed by the  two paths (e.g., 
values a re  21 to 45% lower than determined by the  monomer gas path) is 
a t t r i bu ted  to (1) extrapolat ion of measured l iqu id  C 
e r ro r s  i n  t h e  enthalpy of vaporization occasioned by the  extrapolat ion of 
t he  v i r i a l  equation above 2375°F. Because of t h i s ,  Ewing recommends the  
monomer gas path r e s u l t s .  
For t he  l i q u i d  path a t  temperatures above 2400°F, the  
cP 
values and (2) s m a l l  
P 
Equation of State  
The severa l  avai lable  equations of s t a t e  are  l i s t e d  i n  Table 4. The 
equations of Lemon e t  a1.,15 Achener e t  a1.,16 and Ewing e t  a1.14 are  
based on a graphical or least-squares fit to the  inves t iga tor ' s  own experi- 
mental PVT data. Heimel17 developed h i s  equation of s t a t e  as follows: 
(1) the second v i r i a l  coef f ic ien t ,  B, w a s  based on a curve f i t  f o r  the  
average Rydberg po ten t i a l  as given by Davies e t  a1.,18 (2) the  t h i r d  and 
four th  v i r i a l  coef f ic ien ts ,  C and D, were expressed i n  terms of B, (3) t he  
s i x  constants appearing were reduced t o  two by assuming a hard-sphere 
poten t ia l  model f o r  potassium vapor, and (4) the f i n a l  two constants were 
obtained by f i t  t o  the  PVT data of Ewing e t  
vapor as a monatomic, imperfect gas and used an equation of s t a t e  of t h e  
Hicks'' t r ea t ed  the  
form 
PV = RT + B'P , 
where a l l  deviation from i d e a l i t y  is described by the  coef f ic ien t  B', 
a quantity c losely re la ted  t o  t h e  second v i r i a l  coef f ic ien t .  
represented by the  function, b/Tm; with b - and m - being evaluated empiri- 
tally from vapor-pressure data. Hicks used low-temperature vapor-pressure 
B' is  
data primarily t o  obtain b - and m; - t he  values of these constants f o r  potas- 
sium a re  given i n  Eq. (5)  of Table 4. 
The equation of Ewing e t  i s  recommended; fu r the r  comments sup- 
porting t h i s  choice are found i n  following sect ions on Compressibility 
Factor, Vapor Pressure, and Vapor Density. 
Vapor Pressure 
Twelve equations f o r  the  vapor pressure of potassium are  l i s t e d  i n  
Table 5.  For the  subatmospheric pressure region (<140O0F), the  equation 
of Ditchburn and Gilmour2' [Table 5, Eq. ( 6 ) ]  i s  recommended; t h i s  equa- 
t i o n  i s  based on a c r i t i c a l  synthesis of the r e s u l t s  of 12 ea r ly  (p r io r  
t o  1941) invest igators .  A t  temperatures above 1400°F, t h e  equation of 
Ewing e t  al.14 [Table 5, Eq. (5)]  i s  recommended with the  ra t iona le  t h a t  
it i s  a p a r t  of an in t e rna l ly  consis tent  s e t  of thermodynamic data. I n  
Fig.  2, the  equation of Ewing e t  a l .  is  p lo t ted  over t he  f u l l  temperature 
range, 1100 t o  25OO"R. For t h e  region below 1400°F, the  Ditchburn and 









A comparison between the  several  more recent high-temperature meas- 
urements shows the following: 
Vapor Pressure (psia)  
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%quation nurnbers as l i s t e d  i n  Table 5. 
bData of Makansi as reevaluated by Thorn & Winslow. 
A s  noted above, the  recommended equations show a 3.3% mismatch a t  
the atmospheric bo i l ing  temperature given by Ewing (1393.9"F). A similar 
comparison between the  Heime117 and the  Ditchburn and Gilmou2' equations 
[using H e i m e l ' s  value f o r  the normal bo i l ing  temperature (1396"F)I gives 
f o r  P, 14.7 and 14.36 ps ia ,  respectively; t h e  disagreement i s  only 2.3%. 
The general agreement between Ewing and Heimel is excel lent  over t h e  full 
range of comparison - +1.02% a t  1394"F, +0.28$ a t  l7OOoF, and -0.21% a t  
2300 OF. 
The equations of Rignefl and Achener16922 compare c lose ly  over the  
temperature range and are  i n  reasonable agreement with Ewing except a t  the 
higher temperatures. 
t i o n  from Ewing (-4.4% a t  1394°F and +6.4% a t  2300°F). 
Grachev and K i r i 1 0 3 ~  are extremely low over the  e n t i r e  range and are  pre- 
sumed t o  be erroneous. 
higher than Ewing. 
weighting values of log P by 9 (corresponds t o  unweighted treatment of 
pressure) and obtained Eq.  (13); the  comparison with Ewing i s  not s i g n i f i -  
cant ly  affected.  
imperfect gas model along with the spectroscopically observed dissociat ion 
energy t o  obtain the  second v i r i a l  coef f ic ien t  as a correct ion t o  the  
revised Makansi r e su l t s  and the  unpublished data of Johnson e t  a l .  ( R e f .  25, 
Note 7).  
The equation of Lemmon15 shows an even grea te r  devia- 
The r e su l t s  of 
Makansi e t  al.24 give values which a re  somewhat 
Thorn and W i n s l 0 3 ~  reevaluated the data of Makansi by 
These same authors (Thorn and Winslow) then used an 
The agreement with Ewing i s  only fa i r .  
It is in t e re s t ing  t o  note t h a t  t h e  equation of Lemon e t  a l .  [Eq. (l)] 
is  the  same as Eq.  (12) developed by Thorn and Winslow with the addi t ion of 
the  terms: 
7-40 -l.o56xlO4/T 
e - +  
T T 
Lemon s t a t e s  t h a t  the  Bat te l le  functional representat ion w a s  based on the  
Thorn-Winslow r e l a t i o n  supplemented by an extrapolat  ion procedure, described 
by Walling e t  a1.,26 with the  inclusion of t h i r d  v i r i a l  e f f ec t s .  
HicksY1’ i n  obtaining the equation of s t a t e  described i n  the  previous 
section, defined a quant i ty  Q as follows: 
Q = A @  + b P/Tm , 
298.15 
where Q w a s  evaluated from the  free-energy function [-(p - If 1 /TI  ‘I’ 298.15 
as given by S t u l l  and Sinke27 and modified by Hi.g&s and from the  l o w  
temperature vapor pressure data of Neumann and Vhker  J28 Edmondson 
and Egerton J2 
L a r n p l o ~ g h , ~ ~  and 
e t  
the  data on a Q versus P/Tm p l o t  gives &298, ; f o r  potassium t h i s  w a s  
found t o  be 21,415 2 50 cal/g-atom. 
pressures as a function of temperature as follows: 
Fiock and Rodebush 30 Ruff and Johannsen 31 Heycock and 
and the  higher temperature data of Makansi 
The in te rcept  (at P/? = 0) of the  s t r a i g h t  l i n e  f i t t e d  t o  
Hicks tabulates  Q and l i s t s  vapor 
Temperature Q Presssure (atm) 
Hicks' Ew ingl ( "K ) ( O R  ) (cal/g-atom) 
500 900 21,414 2J9 x 3.32 x 
600 1080 21 407 8.36 x 9.64 x 
700 1260 21 381 9.37 x 10.56 x 
800 1440 21 321 3.74 x 6.30 x 
900 1620 21,224 2.37 x io-1 2.51 x io-1 
1000 1800 21 J 099 7.37 x 10-1 7.53 x 10-1 
1100 1980 20,967 1.85 1.84 
1200 2160 20 852 3-92 3.86 
1300 2 340 20 J 770 7.26 7.21 
AS noted from the  f i n a l  column i n  t h i s  tab le ,  agreement with Ewing e t  a i e l4  
is  acceptable. 
depends on extended ca lcu la t ion  or extrapolat ion of Q as a function of 
temperature . 
The predict ion of vapor pressures at higher temperatures 
Liquid Density 
The equation given by Ewing e t  al.14 [Table 6, Eq. (1) and Fig. 31 
i s  recommended. 
The recommended equation w a s  derived by Ewing as a "best f i t "  to the  
determinations of Hagen3" and Ewing e t  a1.14*35 a t  the  lower temperatures, 
t o  those of Jackson e t  a1.,36 Novikov e t  a1.,37 and R i n ~ k ~ ~  at  t h e  in t e r -  
mediate temperatures, and to those of Ewing e t  al.14 at  the  higher temper- 
a tures .  The maximum deviation of the  r e s u l t s  of these measurements from 
the  recommended equation is  -0.81% (Rinck); the  bulk of the  data are rep- 
resented to within rtrO.2$. A confidence l i m i t  of t0.2 to ?0.4% i s  ascribed. 
The Ewing e t  high-temperature data (1009 to 2287'~) show an average 
deviation from the recommended equation of +0.12$1 with a probable e r r o r  i n  
the experimental measurements of 50.25 to &O.3O%. The agreement i n  l i qu id  
density values determined by the  several  equations of Table 6 i s  within 1%. 
Vapor Density 
Ewing e t  al.14 measured spec i f ic  volumes of nine saturated vapor 
s t a t e s  between 1570 and 2376OF. The equation, 
4168 
V ,,SI=-- 1.8433 7 
TS 
10g,o 
was f i t t e d  to t he  observed data with an average deviation of +0.34%, 
where 
= sa tura t ion  temperature ( O R ) ,  
TS 
pS = sa tura t ion  pressure ( a t m ) ,  
V = spec i f ic  volume of saturated vapor (ft3/lbm), 
= gas eonstant (1546 ft *lbf/lb-mole OR), 
g,s 
R 
Ml = monomer molecular weight (39.1 lbm/lb-mole). 
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An extrapolat  ion procedure is  involved i n  obtaining the in te rsec t ion  
of saturated and superheated vapor curves; and Ewing bel ieves  that satu-  
ra ted  spec i f ic  volume obtained from the  v i r i a l  equation [Table 4, Eq. (3)] 
and the vapor-pressure equation [Table 5, Eq. (5)} w i l l  be of higher 
r e l i a b i l i t y  than those determined from the above equation. However, a 
comparison between v i r i a l  equation computed values and observed values 
showed an average deviation of only *0.33%. 
Vapor dens i t ies  can a l s o  be determined from other state and vapor 
pressure equations given i n  Tables 4 and 5, respectively.  
Lemon e t  a1.,15 Achener e t  
These equations were compared and discussed i n  preceding sect ions.  Sat-  
urated vapor spee i f ic  volumes calculated by Ewing are graphed i n  Fig. 4; 
superheat values from the same source a re  tabulated i n  Appendix 3. 
I n  par t icu lar ,  
and Heimel17 r e s u l t s  can be used, 
Liquid Compressibility 
Values f o r  the adiabat ic  and isothermal compressibil i ty of l i qu id  
potassium at  147°F a r e  given i n  Table 7 ;  these data were derived by 
Kleppa'' from sonic ve loc i ty  measurements. 
Vapor Compre s s i b  il it y 
The quant i ty  PV/RT i s  designated as z, t h e  compressibil i ty fac tor ,  
and is  a measure of the  nonideali ty of the  vapor. 
somewhat higher values (-1%) fo r  saturated vapor than does Ewing e t  al . ,  
though the  r e s u l t s  of both analyses agree acceptably with Ewing's l imited 
experimental d a t a  (9 poin ts ) .  
and of Achener e t  a1.16 are not presented i n  a form f o r  convenient com- 
parison; however, t h e i r  r e s u l t s  show values of z which d i f f e r  from those 
of Ewing and of Heimel by no more than 2%- 
Heimel17 ca lcu la tes  
14 
The experimental data  of Lemon e t  
Saturat ion values according t o  Ewing e t  [Table 4, Eq. (3)] 
are p lo t ted  i n  Fig. 5 ;  values f o r  superheated vapor (a lso from Ewing) 
are  tabulated i n  Appendix B. 
Isentropic  Expansion 
G01dman~~ reports  experimental data on the  isentropic  expansion 
index, y , as: 1.33 a t  1697'R, and 1.42 a t  1892O~. 
S 
Heime117 calculated from h i s  developed equation of s t a t e  [Table 4, 
Eq.  (4)]: 1.434 a t  1800'R, and 1.436 a t  1 9 8 0 ' ~ .  
Enthalpy and Entropy 
A general discussion on the  methods used i n  deriving the  enthalpy, 
entropy, and heat capacity re la t ionships  from basic  PVT data w a s  given i n  
the  introductory port ion of the  preceding sec t ion  on PW Relationships. 
L i q u i d  Enthalpy 
Only two s e t s  of experimental data  a re  avai lable  f o r  t he  enthalpy of 
l i qu id  potassium; namely, measurements by Lemon e t  and by Douglas 
e t  al.40 These a re  shown by Eqs.  (1) and (2),  respectively,  i n  Table 8. 
Lemon reports  enthalpies  t h a t  are ,  on the  average, 1.25% higher than those 
obtained by Douglas. as 
the s t a r t i n g  point f o r  l i qu id  path calculat ions,  is  derived d i r e c t l y  from 
Equation (3) i n  Table 8, given by Ewing e t  
the work of Douglas using the  absolute enthalpy of so l id  potassium a t  32'F 
from Evans e t  a1.41 (1525 cal/g-mole). This equation is shown as the 
lower curve i n  Fig.  6. 
Ewing e t  a l  recommend, however, l i qu id  enthalpies  based on monomer 
gas calculat ions.  A s  described previously, the  enthalpy of vaporization 
i s  subtracted from the enthalpy of the  saturated vapor t o  give the saturated 
20 
l i qu id  enthalpy. This i s  discussed fu r the r  i n  a following paragraph on 
vapor enthalpy. The r e su l t s ,  tabulated by Ewing f o r  temperatures above 
1400"F, are shown by the upper curve i n  Fig.  6 and l i e  about 3$ above the  
experimental values. 
We recommend f o r  l i q u i d  enthalpy the  experimental r e s u l t s  as expressed 
by E q *  ( 3 ) .  
Vapsr Enthalpy 
The enthalpy of saturated vapor calculated by Ewing e t  is  
p lo t ted  i n  Fig. 7 and l i s t e d  i n  Table 9. The r e s u l t s  were obtained by 
Ewing and eo-workers through a monomer-gas-path thermodynamic calculat ion 
using t h e i r  experimental PVT data. Thus, the  enthalpy is  expressed as: 
RT 1 dB 1 BC 1 dD 
dT dT v3 dT 
H T o  = H  + - ( = [ B - T ( - ) ] + , [ C - T ( - ) ] $ z  [ D - T ( - ) J }  8 
Ml. 
g g  
where MI i s  the  molecular weight of the monomer (39.1) and the v i r i a l  co- 
e f f i c i e n t s  are as given i n  Eq. (3) of Table 4. 
the  monomeric gas a t  1 a t m  ( r e l a t ive  t o  the  so l id  a t  O'R) is: . 
The reference value f o r  
J 
- 39,375p Ho = 998.95 + O.l27OO T + 24,836 e 
g 
f o r  H i n  Btu/lbm and T i n  OR. 
e t  al.41 f o r  t he  standard enthalpies  of monomeric gas between 0 and 3300'F 
and f o r  the  enthalpy of vaporization a t  O'R (21.70 mean Kcal/mole). 
ment with values calculated by the  l i qu id  path i s  t o  within 1%. Vapor 
enthalpies  were a l s o  computed by Ewing using t h e  quasi-chemical method 
(pr inc ipa l ly  as a check on the  v i r i a l  method); agreement w a s  generally 
excel lent  (within 0.5%). 
shown as Eq. (2) i n  Table 9. 
This w a s  derived using the  work of Evans 
Agree- 
Values of t he  enthalpy f o r  saturated vapor are 
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Heime117 determined the real-gas enthalpy, 3, along the  sa tura t ion  
l i n e  by adding the  r e l a t ive  function, 
dB 
dT (H - Ho)T = (B - T - i 
t o  t he  corresponding function fo r  the  idea l  monomer, g. The v i r i a l  co- 
e f f i c i e n t s  a r e  as given i n  Eq.  (4), Table 4; the  pressure i s  as given by 
Eq.  (8), Table 5; and the  enthalpy of t he  idea l  monomer i s  calculated from: 
- (AH0 1 % = (% - H298 " 1  monomer 298 vaporization 
O >  is  tabulated i n  Ref. 17 (Table 11) and the average where (B - 
1 = 21.1846 Kcal/mole. Results fo r  the  r e a l  gas value of (m298 vaporization 
are  given as Eq. (3) i n  Table 9; these values were taken from Table V I 1 1  
0 
H298 monomer 
of Ref. 17. 
Achener e t  a1.16 added t o  the values f o r  saturated l i qu id  enthalpy, 
reported by Douglas e t  al.40 [Table 8, Eq. (2)], t h e i r  measured values f o r  
the enthalpy of v a p ~ r i z a t i o n ~ ~  t o  obtain the enthalpy of the  saturated 
vapor as shown by Eq. (l), Table 9. 
standard s t a t e  ( 2 9 8 " ~ )  w a s  taken t o  be zero. 
The enthalpy of t he  so l id  a t  the  
Walling and Lemon43 followed a s i m i l a r  procedure using the  data of 
Deem e t  al.44 f o r  the  l i qu id  potassium enthalpy adjusted t o  0°K by adding 
1525 cal/mole from the d a t a  of Evans e t  a1.41 and the heat of vaporization 
calculated by the Clapeyron equation (Walling e t  
from Ref. 15, Table A-1, a re  l i s t e d  a s  Eq. (4) i n  Table 9.  The enthalpy 
appears t o  achieve a maximum a t  a temperature of about 2000"R; t h i s  re-  
Values taken 
s u l t  contrasts  with the  d a t a  reported by other invest igators .  
A comparison of absolute enthalpies  follows: 
22 
~~ 
Enthalpy (Kcal/mole ) Temperature 
( O K )  Achener Ewing Heimel Lemon 
800 - - 23.44 25 935 
1000 23-23 - 23.89 25 -76 
1200 23 90 26.10 24.21 25 075 
1400 24.69 26.50 24.47 24.83 
- 26.88 24 75 1600 - 
Achener and Heimel used 298.15"K as the  standard s t a t e ,  while Ewing and 
Lemon used 0°K. 
enthalpy change between 0°K and 298.15"K is  1.48 Kcal/mole. 
t o  ad jus t  the  Heimel r e su l t s ,  the discrepancy between the Heimel and 
Ewing saturated vapor enthalpies  var ies  from 1.7 t o  2.6% a t  the  l i s t e d  
comparable temperatures. Most of the  remaining difference can be accounted 
for by the  values used f o r  t he  l a t e n t  heat of vaporization a t  the  standard 
condition. 
From the  values published by Evans e t  a1.,41 the  
Using t h i s  
Similarly,  Achenerfs r e s u l t s  vary from Heimel's by +2.8 t o  -0.s. 
A much more severe discrepancy is apparent i n  the  r e l a t i v e  enthalpies .  
Thus, the  enthalpy differences(Kcal/mole) between 1200 and 1400°K and be- 
tween 1400 and 16000~ are  as f o l l o ~ s :  
1200 "K 1400°K 1600 OK 
Ewing +O .40 +om 38 
He i m e l  +o .26 +o .28 
Achener +o 79 +o 91 
Lemon -0.92 - 
It i s  cur ren t ly  recommended t h a t  Ewing's values be used. 
The enthalpy of superheated vapor, tabulated i n  Appendix B, w a s  
taken from Ewing e t  ai.’* 
shows sa tura t ion  values only; however, superheated vapor enthalpies  could 
be computed, with some labor,  f romthe  r e s u l t s  given. 
Lemon and Achener a l s o  l i s t  values. Heimel 
Latent Heat of Vaporization 
The only avai lable  experimental r e su l t s  are those of Achener e t  
Ewing e t  a1 .I4 calculated values using the  Clausius-Clapeyron re la t ionship  
with NRL experimental data f o r  dPldT, V and V Lemon e t  per- 
formed a similar ca lcu la t ion  using BMI data. 
Clausius-Clapeyron ca lcu la t ion  using PmA vapor pressures and Ewing e t  a l  .I4 
(NRL) and H a l l  and B 1 0 c h e r ~ ~  (BMI) volume re la t ionships .  
mined the  enthalpy o f  vaporization as: 
g9 A’ 
Rigney e t  a1.” a l s o  made a 
Heimel” deter-  
Heimel reports  t h a t  h i s  calculated values and those of Ewing agree very 
closely and d i f f e r  from Achener s experimental values by 3.5% maximum. 
Ewingfs r e s u l t s  [Table 10, Eq.  ( 3 ) ,  and Fig. 81 are recommended as a pa r t  
of a consistent s e t  of thermodynamic data. 
Liquid Heat Capacity 
Results of three invest igators  are given i n  Table 11. 
Douglas e t  calculated the  heat capacity along the  saturat ion 
l i n e  from the  r e l a t ive  enthalpy using the  re la t ion :  
dH dP 
the  correct ion tergV(dP/dT), w a s  found t o  be r e l a t i v e l y  s m a l l  even at 
8 0 0 ” ~  (the upper temperature l i m i t  of t he  enthalpy measurements). 
24 
Douglas expressed t h i s  correct ion as a function of and combined it 
with the  1112 term resu l t ing  from di f fe ren t ia t ion  of t he  enthalpy equation. 
Nikol 'ski i  e t  al.46 show three experimental points  obtained a t  tem- 
peratures between 125 and 400°C; the  values l i s t e d  as Eq. (2) of Table 11 
are  from a smoothed curve through these data. 
Lemon e t  a l?  used t h e  densi ty  data of Ewing e t  al.47 and the vapor 
pressure data  of Walling e t  al.43 to obtain: 
dP 
dT 
V - = 0.003 - 0.0307 x l o m 4  T -I- 0.0436 X 10m7 T2 , 
where the  correct ion term i s  i n  un i t s  of cal/g."C and T i n  O C .  
To a temperature of 400°C (750"F), a l l  th ree  s e t s  of data  are i n  good 
agreement (< 1%). The discrepancy between Lemon and Douglas progressively 
increases above 4OO0C, u n t i l  at 8 0 0 " ~  (the upper temperature l i m i t  on the  
Douglas data) the  heat capacity determined by Lemon i s  6.4% above t h a t  ob- 
ta ined by Douglas. 
estimate given by Lemon f o r  data i n  t h i s  range. It must a l s o  be noted 
t h a t  Lemon developed the  correct ion term, V(dP/dT), using the  e a r l i e r ,  in- 
correct  densi ty  data  of Ewing e t  
and intermediate temperature data of a number of invest igators  to 727°C 
and tabula te  values which agree closely with Douglas t o  about 6 0 0 " ~ .  
This difference is  somewhat grea te r  than  the  +5$ e r r o r  
Evans e t  al.41 extrapolate  the  low 
The r e s u l t s  of both Lemon e t  al .  [Eq. (l)] and Douglas e t  a l .  
[Eq. (3)] are shown i n  Fig. 9. 
been used by severa l  invest igators  i n  obtaining other l i qu id  and vapor 
thermodynamic propert ies ,  w e  recommend t h i s  equation to 1472°F. 
l a t i o n  beyond t h i s  temperature i s  risky; t he  dashed l i n e  i n  Fig. 9 gives pos- 
sible values using the  l imited Ewing observations (3 poin ts )  as a guide., 
Since Douglas' l i qu id  potassium data have 
Extrapo- 
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Vapor Heat Capacity 
Heat capac i t ies  for  saturated potassium vapor a re  given i n  Table 12. 
Ewing e t  
derived from the  enthalpy equation shown above. Heat capaci t ies  obtained 
by the  l i qu id  path were 1 t o  5% lower than those determined by the  gas 
path. 
P 
and tabula te  values a t  a r b i t r a r y  temperatures; t h e i r  r e su l t s  d i f f e r  s ig -  
n i f  ican t ly  from Ewing t s  (-1% higher a t  1400°F and nearly 100% a t  2200°F). 
Achener e t  a1.16 [Table 12, Eq. (4)] calculate  saturated vapor heat 
calculated values from a v i r i a l  equation (monomer gas path) 
Lemon e t  a i?  s t a t e  t h a t  C w a s  calculated on a d i g i t a l  computer 
capac i t ies  t h a t  a l s o  d i f f e r  somewhat from those reported by Ewing, about 
-1% a t  1400'F and +3O$ a t  2000°F. 
reported were calculated from a base of 0.0002 atm. 
values t h a t  are  about 4% lower than Ewing's a t  1400°F and about 10% higher 
a t  2200°F. 
r i s e  i n  C 
and f i n a l l y  a sharp increase above 27OO"R. I n  contrast ,  the  hard sphere 
Achener s t a t e s  t h a t  the  spec i f i c  heats 
Heimell' tabulates  
However, he points  out t h a t  Ewingfs ana lys i s  pred ic t s  a gradual 
between 1800 and 2150°R followed by a gradual decline t o  27OO"R 
P 
poten t ia l  model used by Heimel shows f i rs t  a gradual increase and then a 
gradual decline through t h i s  temperature range with a m,ximum a t  about 
2 5 0 0 0 ~ .  
Ewing's values f o r  saturated vapor a re  cur ren t ly  suggested; these a re  
Values from Ewing f o r  super- shown as Eq. (2) i n  Table 12 and i n  Fig. 10. 
heated vapor a re  given i n  Appendix B. 
€iquid Entropy 
Two equations for l i qu id  entropy are  given i n  Table 13: Eq. (l), 
Douglas e t  a1.40 ; and Eq e (2), Ewing e t  a1.14 These equations were developed 
by in tegra t ing  C /T (see Table 11) over the  desired temperature range. 
p , l i q  
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Ewing's equation is  based on Douglas' l i qu id  heat capacity data with 
extrapolat ion t o  higher temperatures using the  l i m i t e d  MRL heat capacity 
measurements (see discussion above and Fig. 9). 
sumed i n  deriving Eq. (2),  Table 12, t h a t  l i qu id  potassium does not con- 
It w a s  a r b i t r a r i l y  as- 
t a i n  s ign i f icant  polyatomic species.  Lemon e t  al.15 l i s t  absolute l i q u i d  
entropies [Eq. (3), Table 131 derived by appropriate in tegra t ion  of t he  
heat capacity r e l a t i o n  and the  addi t ion of 17.816 cal/mole= "K (0.4557 
Btu/lb,S"R) as given by Evans e t  Lemon's r e s u l t s  a re  i n  close 
agreement with Ewing, varying from -0.14% a t  1200"R t o  +l.O3$ a t  2600'~.  
Ewing's equation is  recommended and is  graphed i n  Fig. 11. 
Vapor Entropy 
The discussion on vapor entropy follows generally as given f o r  vapor 
enthalpy. Values calculated by four invest igators  a r e  shown i n  Table 14. 
Ewing e t  a1.14 expresses the  vapor entropy as: 
N 
R PV 1 dB 1 dC 
RT V dT 
s T o  = s - -{&P -&-  + a [ B  + T (----)I + 
[C + T (-)] g g  
N 
where M i s  the monomer molecular weight, P i s  the pressure,  V i s  the  
molal volume, and the  v i r i a l  coeff ic ients  B, C, and D a r e  as given by 
1 
Eq. (3), Table 4. 
( re la t ive  t o  the so l id  a t  O'R) is: 
The reference value f o r  t he  monomeric gas a t  1 atm 
. - 31,126/~ So = 0.18075 + 0.12700 h T + 0.7617 e > g 
f o r  S i n  Btu/lbmaoR; t h i s  is based on the  standard entropies  of Evans 
e t  f o r  the  monomeric gas between 0 and 3300'F. Agreement with 
27 
values calculated by (1) the  l i qu id  path w a s  to within 0.5% and (2) t he  
quasi-chemical method, to within 0.1%. 
given as Eq. (2) i n  Table 1.3. 
Saturated vapor entropies  a re  
Achener e t  obtained the entropy of the saturated vapor by 
adding to the  entropy of saturated l iqu id ,  as given by Douglas e t  al.,40 
the values determined f o r  t he  entropy of vaporization by AGN.22 The 
entropy f o r  the so l id  s t a t e  (298"~) w a s  taken as %l5.48 cal/mole."K, and 
the entropy of  melting was taken as 1.67 cal/mole-"K; these values were 
from Hultgren .48 
Heirne1l7 determined the  r e a l  gas entropy, ST, on the sa tura t ion  l i n e  
by adding the  r e l a t i v e  function, (S - S )T, to t he  corresponding function 




- (Bo ) " >  '298 monomer 298 vaporization s; = (ST 0 - 
The v i r i a l  coef f ic ien ts  are given i n  Table 4 by Eq. (4);  the  pressure is 
as given i n  Table 5, Eq.  (8). S i s  presumably calculable  from values 
l i s t e d  i n  Table 11, Ref. 1.7. Results f o r  t he  r e a l  gas a r e  given as 




obtain the  vapor entropy by adding the  entropy 
of vaporization to the  l i qu id  entropy. The l a t t e r  w a s  found by integra- 
t i o n  of the  heat capacity r e l a t ion  with the addi t ion  of 17.816 cal/mole - "K 
( t o  give the  entropy above 0°K). 
l i s t e d  as Eq. (4) i n  Table 13. 
Values from Table A - 1  of Ref. 15 are  
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A comparison of absolute entropies  follows: 
Absolute Entropy (cal/mole OK) 
Temperature 
Achene r Ewing He ime 1 Lemon ( OK) 
800 - - 48 39 48.46 
1000 43.56 - 44.20 44.15 
1200 41.30 41.46 41.54 41.21 
1400 39 9 94 39-80 39 9 79 38.64 
1600 - 38.68 38.68 - 
Ewing and Heimel agree closely (4.2%) over the  temperature range of 
comparison. 
of Ewing . 
Both Achener's and Lemon's r e s u l t s  a r e  a l s o  within 0.5% 
Ewing's r e s u l t s  a re  given i n  Table 1 4  and Fig. 12  and a re  cur- 
r en t ly  suggested f o r  use. 
The entropy of superheated vapor i s  tabulated i n  Appendix B taken 
from Ewing e t  al.14 
Surface Tension 
The i n t e r f a c i a l  tensions ( so l id- l iqu id  and vapor-liquid) of t he  
a l k a l i  l i qu id  metals are of importance i n  s i t ua t ions  where f ree  l i qu id  
surfaces e x i s t ,  where l i qu id  t r ans fe r  i s  by cap i l l a ry  ac t ion  (heat pipes) ,  
and where heat t r a n s f e r  occurs by boi l ing.  Data by C ~ o k e , ~ '  by Quarterman 
and Prim~ik,~'  and by Taylor51252 are  reported i n  Table 1.5. Quarterman and 
Primark used a cap i l l a ry  r i s e  technique t o  obtain t h e  surface tens ion  over 
the narrow temperature range 148 t o  302°F; t h e i r  r e s u l t s  were -20% below 
those found by Cooke. Taylor used a m a x i m  bubble-pressure technique 
(as d i d  Cooke) but  noted d i f f i c u l t i e s  i n  es tab l i sh ing  the  peak pressure 
due to f luc tua t ing  manometer readings; h i s  r e s u l t s  l i e  between 9$ (at 
120'F) and 35% (at 932°F) below Cookeps values. 
Predict ion of the surface tensions of metals through cor re la t ion  
with other,  perhaps more e a s i l y  measured, physical  propert ies  has been 
attempted by a number of invest igators .  
W ~ l l i e , ~ ~  and Gogate and K ~ t h a r i , ~ ~  among others,  have proposed elec-  
t ron ic  theories  which have been reasonably successful  with the  a l k a l i  
Thus, S t r a t t ~ n , ~ *  Huang and 
metals though suffering somewhat from uncer ta in t ies  i n  basic  premises. 
S k a ~ s k i ~ ~  and Oriani,  58 primarily,  have published physicochemical theories  
t h a t  have a l s o  been ef fec t ive  though of some doubt due to ignorance as t o  
the nature of t he  surface s t ruc ture .  Taylor51 has summarized these 
theories  and examined a number of empirical  re la t ionships  (Atterton and 
Hoar,59 Leadbeater," SchytilYG1 W i l l i a m s  and Murray,62 e t c  .) i n  the  l i g h t  
of avai lable  theory. The empirical  correlat ions a re  to be ant ic ipated 
from the  physicochemical theor ies  r e l a t ing  the surface tension d i r e c t l y  
or i nd i r ec t ly  to t he  cohesive propert ies  of the  metal. 
An e a r l y  attempt a t  surface tension cor re la t ion  is  t h a t  of E . d t ~ o s ~ ~  
and Ramsay and Shields,64 
N 
where CT i s  the surface tension, V is  the  molar volume, T i s  the temperature 
a t  which both CT and V a re  determined, and Tc is the  c r i t i c a l  temperature. 
This equation has been found applicable f o r  a large number of homopolar 
N 
organic and inorganic compounds (where the constant of proport ional i ty  is  
2.2 e r g / g - m ~ l e ~ / ~ . " K )  but  has not been successful i n  predictions f o r  l i qu id  
metals. S@hytil6' proposed, on theo rec t i ca l  grounds, a similar re la t ionship  
between the surface tension and the  melting temperature. 
exact  expression^^^'^^ have attempted cor re la t ion  between the  surface 
tension and propert ies  such as the  ve loc i ty  of sound, compressibility, 
and so l id-s ta te  e l a s t i c  modulus. 
Other less 
Guggenheim68 extended e a r l i e r  work by van der Waals and showed 
t h a t  the EFtvbs r e l a t i o n  could be expressed more exact ly  as, 
0 n 
o = o (1 - T/TJ , 
0 where o 
value ll/9 or 1,222 f o r  most organic l i qu ids .  
is the extrapolat ion of o t o  O O K  and the  exponent - n has t h e  
S t r a ~ s s , ~ '  following Hildebrand and Scott7' and B ~ n d i , ~ ~  presents 
a r e l a t ion  between the  surface tension a t  t h e  melting temperature and 
the  l a t e n t  heat of vaporization and f inds no improvement i n  cor re la t ion  
by including the molar volume. The r e su l t i ng  s t r a i g h t  l i n e ,  on a log-log 
p lo t ,  correlated surface tensions f o r  38 of 42 metals; both measured and 
estimated values were included. 
G r ~ s s e ~ ~  proposes a form of the  E5tvos r e l a t i o n  applicable to l i qu id  
metals ; namely, 
= C T e  , o "02/3 o v  
where C w a s  demonstrated t o  be 
zero again r e f e r s  t o  conditions a t  0°K. 
Guggenheim6* (which satisfies t h e  c r i t e r i o n  t h a t  a t  the  c r i t i c a l  tempera- 
t u r e  the surface tension of any substance i s  zero) and a knowledge of t he  
0.64 erg/g-m~le"/~=OK and the  superscr ipt  
Further, t h e  l i n e a r  r e l a t i o n  of 
c r i t i c a l  temperature permits estimation of the  temperature coef f ic ien t  
f o r  the  surface tension.  Thus, Grosser2 f inds fo r  potassium, using 
oo = 100 dynes/cm and Tc = 2440°K, t h a t  do/dT = -0.041 dynes/cma°K. I n  
a l a t e r  paper, Grosse3 reports  f o r  cubic and te t ragonal  metals ( the 
a l k a l i  metals f a l l  i n t o  t h i s  category) t h a t  
evaluated a t  the  melting temperatuYe. 
The experimental resu l t s  of Cooke [Table 15, Eq. (l), and Fig.  1-31 
are  cur ren t ly  recommended. Cooke f inds,  over the temperature range 70 
t o  7lO"C,  do/dT = -0.0646 dynes/crn."K. 
Jordan and Lanego i n  a recent paper report  values f o r  the surface 
tension of potassium obtained using a ver t ica l -p la te  balance. Measure- 
ments, made a t  200°C with s i l v e r  and zinc p la tes ,  gave a mean value f o r  
the surface tension of 102.1 dyne/cm and a temperature coef f ic ien t  of 
-0.06 dyne/cm="C. 
(102.4 dyne/cm a t  200°C) 
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Fig. 5. Potassium: Saturated Vapor Compressibility. 
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ORNL DWG. 68-6352 
Fig. 6 .  Potassium: Liquid  Enthalpy. 
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The t ransport  propert ies  characterize a mater ia l  with respect t o  the 
molecular processes of momentum, heat,  and mass exchange. 
thermal conductivity, thermal d i f fus iv i ty ,  thermal diffusion r a t io ,  and 
mass d i f f u s i v i t y  fa l l  within t h i s  category. The e l e c t r i c a l  r e s i s t i v i t y  
Viscosity, 
i s  a l s o  included i n  t h i s  section, since measurements of t h i s  property a re  
often used (through the  Wiedemann-Franz-Lorenz re la t ionship)  t o  calculate  
t he  thermal conductivity . 
Viscosity 
The viscosi ty ,  p, characterizes the flow resis tance of simple f lu ids  
and appears as the proport ional i ty  coeff ic ient  i n  Newton's l a w  of viscosi ty:  
which states t h a t  t he  shear force pe r  un i t  a rea  i s  proportional t o  the  
negative of t he  l o c a l  ve loc i ty  gradient normal t o  the  mean flow. 
negative s ign spec i f ies  t h a t  t he  viscous (molecular) momentum flux tends 
t o  go i n  the  d i rec t ion  of decreasing veloci ty .  This a l s o  enables a t r e a t -  
ment which is consis tent  with t h a t  commonly employed f o r  energy (heat)  and 
The 
SC 
mass t ranspor t .  
Liquid Viscosity 
The r e su l t s  of f i v e  experimental measurements of t he  v iscos i ty  of 
l i qu id  potassium are  given i n  Table 16; an( extrapolat ion of ex is t ing  
data t o  very high temperatures (3950'F) by G r ~ s s e ~ ~  and a corresponding 
p. 5, John Wiley & Sons, New York - London, 1960. 
* 
R. B. Bird, W. E .  Stewart, and E.  N. Lightfoot, Transport Phenomena, 
64 
s t a t e s  predict ion (Appendix A )  by Chapman7* are a l s o  shown. Only Lemon 
e t  a1.l" [Table 16, Eq.  (l)] and Shpi l ' ra in  e t  al.75 [Table 16, Eq. (2)] 
give experimental r e su l t s  f o r  temperatures above 1300°F. These two data 
s e t s  compare as follows: 
Viscosity (lbm/hr e f t )  
Temperature Difference (%) 
( OR) Lemon (I) Shpi l ' ra in  (11) (11-1) /I 
700 1.074 1.043 -2.9 
1050 0 a 609 0.594 -2.5 
1400 0 e 425 0.425 0.0 
175 0 0 9 334 0.338 +1.2 
2100 0.284 0.284 0.0 
2450 0.253 0.247 -2.4 
O f  the  lower temperature resu l t s ,  C h i ~ n g ~ ~  and Movikov3' agree wel l  with 
Lemon (-5%); Ewing e t  r e s u l t s  f a l l  about 10% below Lemon. 
Grosse 73978 estimated the  absolute v i scos i ty  of potassium over the  
en$ire l i qu id  range - i . e  ., from the melting t o  the  c r i t i c a l  temperature - 
using ex is t ing  experimental data (Ewing and Lemon) t o  2100°F (1422OK) t o  
obtain the  constants i n  Andrade Is second e q ~ a t i o n ~ ~ ' * ~  
p vl13 = A e'/* , 
where A and C are  constants f o r  a pa r t i cu la r  l iqu id ;  p, the  absolute 
v iscos i ty  (poise);  V, the  spec i f ic  volume (cm3/g); and T, the  tempera- 
t u re  (OK). H i s  values a re  shown as Eq. (4). 
Chapman7* presents a corresponding states predict ion of the v iscos i ty  
of l i qu id  metals e Calculations fo r  potassium, following t h e  example shown 
i n  Appendix A, show t h a t  agreement with Lemon's measurements is reason- 
able;  Ewing e t  a1.14 dens i t ies  were used i n  t h i s  computation. 
' 
Viscosity ( lbm/hr - f t )  
Temperature 
(OR) Lemon Chapman 
700 1.074 1.140 
1400 0.425 0 9 455 
2100 0.284 0.266 
The r e s u l t s  of Lemon e t  a l .  a re  recommended and a re  presented i n  
Fig. 14.  
Vapor Viscosity 
Values f o r  the v iscos i ty  of saturated potassium vapor are  given i n  
Table 1.7. 
Grosse7* [Eq. (l)] s t a t e s  t h a t  metal vapors can be expected t o  be- 
have as predicted by simple k ine t i c  theory - a t  l e a s t  i n  t he  low temper- 
a ture  range; thus, 
p = 2.6693 x @/d2 , 
where p is the  v iscos i ty  of saturated vapor (poise) ,  M i s  the molecular 
weight (g/g-mole), T i s  the'temperature ( O K ) ,  and CT i s  the  atomic diameter 
(A).  Grosse used Pauling's diameter f o r  the potassium atom, 4.374 i. 
the  higher temperature range, near the c r i t i c a l  region (reduced tempera- 
t u re  above 0.85) where the  vapor pressure i s  high, experimental evidence 
0 
I n  
suggests t h a t  the  v i scos i ty  increases d i r e c t l y  with the temperature. 
r e s u l t s  presented a re  f o r  d i lu t e  (low pressure) gas. While corrections 
The 
66 
f o r  dense gas can be made, these were found by Grosse t o  e f f ec t  only an 
8% increase i n  IJ- 
potassium. 
f o r  mercury and were neglected with respect t o  
Weatherford13981 estimated t h e  saturated vapor v iscos i ty  using the  
theo re t i ca l  re la t ionship,  
0.001667 ( N ? P V ) ~ / ~  
where IJ- is  the v iscos i ty  ( lbm/f t -hr ) ;  P, the  pressure (ps i a ) ;  V, the  vapor 
volume (ft3/lbm); M, the  equilibrium molecular weight; and CT 
core co l l i s ion  diameter (A).  
and the f r ee  zing-point density . 
the  hard- 
The l a t t e r  quant i ty  w a s  calculated from M 
0 
0 
The agreement between Grosse and Weatherford is  not good; thus 
Vapor Viscosity ( lbm/hr - f t )  
Temperature 
(OF) Grosse Weathe rf ord 
1100 0.0621 0.0427 
1400 0.0679 0.0471 
1700 0.0731 0.0512 
2000 0 9 0779 0.0546 
Grosse is  recommended; r e s u l t s  a r e  presented i n  Fig. 1.5. 
67 
Thermal Conductivity 
The thermal conductivity, k, of a mater ia l  is the  proport ional i ty  
coef f ic ien t  appearing i n  Fourier 's  l a w  of heat  conduction: 
dT 
- 
qY - -k - ; dY 
t h i s  i s  the  one-dimensional form of the  equation r e l a t ing  t h e  heat f l ux  
t o  the  temperature gradient .  Again, the  negative s ign  indicates t h a t  the  
energy (heat)  f l ux  i s  i n  the  d i rec t ion  of decreastng temperature. For a 
s ta t ionary  homogeneous medium (k uniform i n  a l l  d i rec t ions)  an energy 
balance involving conduction along the  Cartesian axes in to  and out of a 
control  volume and heat storage but  neglecting in t e rna l  heat generation 
yields  the  more general  equation: 
ar a'r a2T 
a7 
- = a ( - + -  ? 
where 7 = time and a = thermal d i f fus iv i ty  (k/pC ). This l a t t e r  quant i ty  
is of ten of importance and can be calculated from the  given values f o r  k, 
P 
p, and C 
of momentum, v = p/p, t o  t h e  d i f fus iv i ty  of heat, a)  i s  a l s o  important i n  
thermal processes and can be calculated from the  propert ies  tabulated.  
The Prandt l  modulus, Npr = C p/k (the r a t i o  of the  d i f f u s i v i t y  
P' P 
Liquid Thermal Conductivity 
Data on the thermal conductivity of l i q u i d  potassium a re  given i n  
Table 18; the  r e su l t s  of Lemon e t  a1.I5 given by Eq.  (1) and p lo t ted  i n  
Fig. 16 a re  recommended. 
Experimental measurements using (1) steady-state ,  longi tudinal  heat 
flow were performed by Lemon e t  a l .  and by Ewing e t  (2) successive 
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s ta t ionary  states, by Nikol s k i i  e t  a l .  ;46 and (3) unsteady-state 
( t rans ien t )  heat flow, by Novikov e t  al.37 9 8 3  
obtained the  thermal d i f fus iv i ty  r a the r  than the thermal conductivity. 
The agreement between the  four  observers is  within &5$ a t  750°F but 
diverges t o  +12$ a t  200°F and 
s u l t s  agree well  with those of Lemon, 
The la t ter  invest igators  
a t  llOO°FI Above TOOOF, Ewingfs re-  
Novikov's data  a r e  s ign i f i can t ly  
high with respect t o  Lemon, while Nikol 'ski i  i s  somewhat low. 
Lemon e t  a l .  a l s o  used t h e i r  e l e c t r i c a l  r e s i s t i v i t y  measurements 
(see discussion below) i n  conjunction with the  thermal conductivity 
values t o  obtain a value f o r  t he  Lorenz constant f o r  temperatures below 
800"~ (1472°F). This constant w a s  then used with the  e l e c t r i c a l  r e s i s -  
t i v i t y  data f o r  temperatures above 500°C t o  obtain thermal conduct ivi t ies  
t o  2100°F. The values thus derived compared favorably with conduct ivi t ies  
calculated by Eq.  (1) and indicate  the  v a l i d i t y  of  using LemmonDs equation 
f o r  extrapolat ion beyond 1472'F. 
Tepper e t  a l s o  used e l e c t r i c a l  r e s i s t i v i t y  measurements t o  
predict  the  thermal conductivity; t h e i r  r e s u l t s  a re  shown by Eq. (2) i n  
Table 180 The r e s u l t s  of Lemon and Tepper compare as follows: 
Thermal Conductivity (Btu/hr*ft  O F )  
Temperature Difference ($) 
( OR) Lemon (I) Tepper (11) (11-1) /I 
700 29.715 
1400 21  a 787 
2100 15.816 
2500 12.650 
35 e 218 
25.308 





~ 1 4 . 0  
Values calculated for  saturated vapor conductivity by Grosses5 a re  
recommended; these a r e  shown by Eq. (1) i n  Table 19 and by the  curve i n  
Fig. 17. 
Gottl ieb and Zollweg86 report  a s ingle  value a t  1340°F obtained by 
heat loss measurements from a tungsten filament i n  a potassium vapor 
atmosphere a t  a maximum pressure of 2.2 t o r r .  Their value of 0.01047 
Btu/hr*f-b*"F a t  1 8 0 0 " ~  is  4Lyo below t h a t  calculated by Grosse using 
elementary k ine t ic  theory for monatomic gases along with his (Grosse) 
previous estimates for the  v iscos i ty  of saturated potassium vapor [Table 17, 
E q *  (01. 
Weatherford e t  a l  estimated the  vapor thermal conductivity from 
the Prandt l  modulus using t h e i r  calculated values f o r  the  vapor v iscos i ty  
[Table 17, Eq. (2)]  and the  frozen spec i f i c  heat as calculated by Shapiro 
and Meisl.12 The l a t t e r  quantity var ies  from 0.1268 Btu/lbme"R at  1300°R 
t o  0.1262 Btu/lb;"R a t  2500°R; the Prandt l  modulus w a s  a r b i t r a r i l y  chosen 
t o  be 0.73. Comparison with the r e s u l t s  of Grosse is  as follows: 
Vapor Thermal Conductivity (Btu/hr a f t  0 O F )  
Temperature Difference ( 3 )  
( O R )  Grosse (I) Weathe rf ord (11) (11-1) /I 
1500 0 -01136 0.00724 -36.1 
2000 0.01312 0.00849 -35.3 
2500 0.01467 0.00951 -35.2 
A s  noted, the  discrepancy between the  Weatherford and Grosse r e s u l t s  
i s  la rge .  The s ingle  experimental value of Gott l ieb and Zollweg falls  
between the  two predictions,  being -24s grea te r  than Weatherford's 
predict ion of 0.00801 Btu/ lbef t .  O F  a t  1 8 0 0 ’ ~  and -19% below Grosse I s  
estimation. While Grosse assumed a monatomic gas, t he  real  gas i s  a 
mixture of a t  l e a s t  K and K2; and hence, t he  thermal conductivity should 
be l e s s  than predicted by simgle theory. 
the  experimental value given by Gott l ieb and Zollweg. It should a l so  be 
noted t h a t  t he  temperature dependency is  e s sen t i a l ly  the same f o r  e i t h e r  
prediction. 
This t rend  would tend to support 
E l e c t r i c a l  Res i s t iv i ty  
While the  e l e c t r i c a l  r e s i s t i v i t y  of a l iqu id  is  needed i n  some appl i -  
cations (e .g., i n  the design of cont ro l  and measurement instrumentation), 
major i n t e re s t  i n  t h i s  property derives from the  r e l a t i v e  ease i n  per- 
forming e l e c t r i c a l  r e s i s t i v i t y  measurements as opposed t o  thermal conduc- 
t i v i t y  measurements. The Wiedemann-Franz-Lorenz (W-F-L) relat ionship,  
i s  then used t o  ca lcu la te  the  thermal conductivity, k, from the  r e s i s -  
t i v i t y ,  p ; T is the  absolute temperature, and L i s  the W-F-L constant. 
Somerfeld deduced through quantum mechnics t h a t  a t  OoC:  
e 
Lo = r? i-c2/3e2 = 2.57 X [Btuoohm/hr=(oR)2] 
= 2-45 X [v”/(°C)2]  
where IC = t he  Boltzmann constant and e = t he  elementary charge of an 
electron.  
duc t iv i t i e s  close t o  ac tua l  values. However, comparisons made with severa l  
l iqu id  metals whose thermal conduct ivi t ies  and e l e c t r i c a l  r e s i s t i v i t i e s  a re  
well-known give k predict ions higher than the  experimental values.  It has 
For molten metals, the  W-F-L r e l a t i o n  should give thermal con- 
not yet been resolved whether the discrepancies r e s u l t  
i n  t he  theory or from inaccuracies i n  the experimental 
from a breakdown 
measurements 
Liquid Res is t iv i ty  
The r e s u l t s  of th ree  experimental invest igat ions is  given i n  Table 20. 
A comparison of these data s e t s  i s  as follows: 
E l e c t r i c a l  Res is  t i v i t y  (mic roohm-em) Temperature 
( O R )  Teppe r Kape lne r De em 
~ 
672 14.3 15  -8 15.4 
1392 43 .O 44.7 44.4 
2112 921.7 (93.6)" 93.8 
2607 149.6 (145 .l)a 153.0 
%xtrapolation beyond data range. 
The r e s u l t s  of Deem and M a t 0 1 i c h ~ ~  and of Kapelner and Bratton88 show 
excel lent  agreement t o  23OO'F ( 4 . 5 % ) ;  note t h a t  Kapelner's values above 
1 8 0 0 ~ ~  a re  extrapolated using Eq.  (1) i n  Table 20. Teppel- e t  data 
f a l l  below Deem a t  temperatures below 2100°R, being -7% a t  6 7 2 0 ~ ,  -3% a t  
1392'R, and -1% a t  2112'R. 
Deem and Matolich values (a l so  reported i n  Ref. 15 )  a re  recommended; 
t h e i r  r e s u l t s  a r e  l i s t e d  i n  Table 20 as Eq. (3) and p lo t ted  i n  Fig. 18. 
Wiedemann-Franz-Lorenz Constant 
Deem and M a t o l i ~ h ' ~ ' ~ ~  deduced from t h e i r  thermal and e l e c t r i c a l  con- 
duc t iv i ty  data a t  temperatures t o  800°c an average value f o r  the  W-L-F 
constant of 2.14 X 
noted above. 
?/(°C)2; t h i s  i s  13% below the  theo re t i ca l  value 
Kapelner and Bratton,88 using t h e i r  measurements f o r  p e and 
72 
Ewing1s82 k values, found a nearly l i nea r  re la t ionship i n  temperature 
wi th  L ranging from 2.07 x 
a t  600”~. 
?/°C)2 at 200°C to 2.21 X .”/(“C)” 
It i s  interest ing,  though not par t icu lar ly  illuminating, t o  
note that the average value of Kapelner and Bratton over t h i s  temperature 
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NOMENCLATURE 
















Constants f o r  i t h  component i n  quasi-chemical equation 
of s t a t e  
Constants i n  Andrade 1s viscosi ty  equation 
Coefficient i n  Hicks' equation of s t a t e  (Table 4) 
V i r i a l  coefficients i n  equations of s t a t e  (Table 4) 
Sonic velocity 
Heat capacity a t  constant pressure; C , at saturation 
P,S e l iqu id  'p,liq> p , ~  conditions; 
0 Free energy; F , standard s t a t e ;  FT, a t  temperature T 
Latent heat of vaporization; AHo, standard s ta te ;  
%, a t  temperature T 
0 T 
Enthalpy; H , standard s t a t e ;  %, H , a t  temperature T; 
Mechanical equivalent of heat (4.1858 X lo7 erg/cal)  
H vapor 
g' 
Thermal conductivity; kR, l iquid 
Equilibrium constant for  i t h  - component i n  quasi-chemical 
equation of s t a t e  
Liquid compressibility; K 
Lorenz number (= k p e /T) 
Exponent i n  Hicks' equation of s t a t e  (Table 4) 
adiabatic; %, isothermal 
S' 
Molecular weight; Ma, equilibrium mixture; M%, monomer 
Exponent i n  EEtvos surface tension relat ion;  a l so  number 
of moles of vapor 
c r i t i c a l ;  Ps, Psat, sa turat ion 'wit' Pressure ; 
Heat f lux i n  y-direction 

















Entropy; So, standard s t a t e ;  S STY a t  temperature T; T’ 
a t  saturat ion temperature ; S vapor 
‘sat, gJ 
saturat ion ; Tsat’ c r i t i c a l ;  Ts, Tc’ Tcr i t ’  Temperature , 
Tr, reduced (= T/Tc); TM, melting; TB, boil ing 
Velocity; v i n  x-direction 
c’ ’wit’ Volume; V 
X’ 
A? saturation; V Vsa t j  c r i t i c a l ;  Vs , 
0 l iquid;  V 
temperature ; V, molal 
vapor; V , standard s t a t e ;  Vm, a t  melting 
g, N 
Cartesian coordinate directions 
Compressibility fac tor  (= PV/RT) 
N 
Thermal d i f f i s i v i t y  (= k/p C ) 
P 
Elementary charge of an electron 
Bolt zmann constant 
Absolute viscosity;  P vapor 
Kinematic viscosi ty  (= p/p) 
satura- sat’ vapor; p vj pvap’ l iquid; p RJ %iq’ Density; p 
t i o n  
Elec t r ica l  r e s i s t i v i ty  
Surface tension; LT , standard s t a t e ,  a t  melting tem- 0 
Om, 
pe rature 
Hard-core co l l i s ion  diameter 
Time 
Shear s t r e s s ,  o r  viscous flux of x-momentum i n  y-direction 

APPENDIX A 
CHAPMAN'S METHOD FOR ESTIMATING THF: VISCOSITY OF LIQUID METALS 
The following abs t r ac t  i s  taken from Chapman: 
"An approximate form i s  suggested f o r  t he  
per turbat ion of the  radial d i s t r ibu t ion  function 
of a monatomic l iqu id  by a nonuniform flow f i e l d .  
Subst i tut ion of t h i s  form i n t o  the  microscopic 
expression f o r  the  pressure tensor y ie lds  an 
equation f o r  l i qu id  v iscos i ty  i n  terms of the  
equilibrium d i s t r ibu t ion  function and the  in t e r -  
atomic po ten t i a l  energy function. This equation 
es tab l i shes  t h e  bas i s  f o r  a corresponding states 
cor re la t ion  of the  v iscos i ty  of l i qu id  metals 
based on atomic parameters. 
"The v iscos i ty  data for twenty-one molten 
metals a re  made t o  f a l l  on a s ingle  curve by the  
adjustment of one microscopic parameter, It i s  
found t h a t  t h i s  empirically determined parameter 
apparently has the proper fundamental significance . 
Therefore, it is possible t o  estimate it indepen- 
dently and t o  use the  general cor re la t ion  fo r  
estimating the v i scos i ty  of a metal f o r  which data 
a re  not avai lable .  It i s  a l s o  suggested tha t  the  
atomic parameters determined here might be used t o  
cor re la te  other propert ies  of t h e  l i qu id  metals e 
An e x p l i c i t  expression i s  obtained f o r  the  l iqu id  v iscos i ty  which 
involves the p a i r  po ten t i a l  function, 4 (r) , and the  radial d i s t r ibu t ion  
function, g (r) .  0 With the  assumptions made, t h e  problem of l i qu id  
v iscos i ty  is  reduced t o  the  same l e v e l  of complexity as the  problem of 
the thermodynamic propert ies  The po ten t i a l  function is then assumed 
t o  depend on an energy parameter, e ,  and a distance parameter, 6;  and 






= reduced v iscos i ty  = , 
T* = reduced temperature = kT/c 









= v i scos i ty  (poise = g/cm-sec), 
= Avagadro f s number = 6.064 X 102 
= atomic weight (g/g-mole ) , 
= gas constant = 8.31339 X lo7 (g-cm2/oK-g-mole-sec2), 
(l/g-mole) , 0 
e = 5.20 kTm, 
T = any absolute temperature (OK), 
T = melting temperature ( O K ) ,  
n 
m 
= p a r t i c l e  number densi ty  = pTNo/M (l /Cm3),  
= densi ty  a t  temperature, T (g/cm3). PT 
Chapman then postulates  t h a t  p*(V*)" should be a universal  function 
* of T only; i . e  ., p*(e)"  = G(T*) e To obtain the  functional form of t h i s  
equation, Chapman u t i l i z e s  the  e f fec t ive  Lennard-Jones parameters f o r  
l i qu id  sodium and potassium as determined by Ling8' from experimental 
x-ray sca t t e r ing  curves. 
interatomic distance i n  the  close-packed c r y s t a l  a t  OOK. 
ta ined by crystal lographic  data and i s  well-known f o r  near ly  a l l  metals. 
With t h i s  estimate of 6, p*(v")" w a s  calculated f o r  some 21 d i f f e ren t  
metals f o r  which v iscos i ty  and densi ty  data e x i s t .  
1/T* curve f o r  N a  and K w a s  then used t o  evaluate c f o r  the other metals. 
The resu l t ing  cor re la t ion  is  shown i n  Fig. 19 taken from Chapman. 
Further,  t h e  value of S is  assumed t o  be the 
This w a s  ob- 
The general p*(V)c)" vs 
This 
95 
ORmL DWG. 68-6365 
1/T* 
Fig. 19. Dimensionless Viscosity Correlation According t o  Chapman. 
is  based on l i q u i d  metals as diverse as lithium, mercury, iron, and 
plutonium w i t h  dens i t ies  ranging from 1.8 t o  18, v i scos i t i e s  from 0.2 
t o  7 centipoise, atomic weights from 6.9 t o  242, and melting temperatures 
from 234 t o  1800"~. 
For the  alkali metals, values of 6 and e/k are as follows: 
6 e/k 
Metal (i) (OK) M 
L i  3.14 2350 6.939 
Na 3.84 1970 22.9898 
K 4.76 1760 39.102 
Rb 5.04 1600 85 *47 
cs 5.40 1550 132.905 
Sample Calculation. An example showing i n  d e t a i l  the appl icat ion 
of t h i s  technique for predicting viscosi ty  i s  given below. Following 
Chapman, thall ium w a s  selected for i l l u s t r a t i o n .  
Thus 
A t o m i c  weight = 204.4 g/g-mole 
Melting temperature, T = 576°K 
Selected temperature, T = 6 4 4 " ~  
Density at 6 4 4 " ~  = 11.18 g/cm3 
6 = 3.40 = 3.40 x cm 
m 
R = 8.31339 X lo7 g*cm2/"K.g-mo1e-sec 2 
c/k = 5.20 Tm , 
L = (2995.2 k) O K  - 
kT 644 k 
T -E = - =  = 0.2150 




- = 4.65094 . 
T* 
Then, from Fig. 19, 
p*(V“)” = 3.05 . 
Further, 
(11~8) (6.064 x 1 




Then, using Eq.  (l), 
p* = 3.05 /(0.76708)~ = 5.18346 . 
Since, 
* Ph2No 





P = P  
c(2.044 X 10”)0(6.44 X 102)(8.31339 X 107)]1’2 
= (5.18346) 
(3.40 x 10-~)~(6.064 x le3) 
= 2.4461 x g/cm-sec (poise) , 
or 
p = 2.4461 centipoise . 
A s  pointed out by Chapman, t h i s  compares quite favorably with the 
measured value of 2.11 centipoise. More important, perhaps, is tha t  
predicted dependence on temperature para l le l s  closely the experimental 
resul ts .  Thus, th i s  technique should be quite useful f o r  extrapolating 
viscosi t ies  t o  temperatures well beyond the l i m i t  of measurements. 
APPENDIX B 
TI-IERMODYIUMIC PROPERTIES OF POTASSIUM S W E m m D  VAPOR 
(Monomer G a s  Base) 
Tabulated values were taken from Ewing e t  al.,14 Appendix B. 
I n i t i a l  value a t  each temperature l e v e l  corresponds to sa tura t ion  
conditions. The u n i t s  f o r  the  l i s t e d  propert ies  a re  as follows: 
t = OF, 
p = a t m  abs, 
my 
hg = Btu/lbm, 
sg = Btu/lb,@OF, 
cg = Btu/lbme OF, 
z = dimensionless. 





THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR 
(Monomer Gas Base) 
1.0000 32.0491 
, 8 0 0 0  40.7307 
,6000 55.2017 
a 4000 84.1450 
.2000 170.9 152 







1400 9 1.0327 50.9486 ,92025 1188.81 1 1 11434 .2842 
1 4 0 0 .  ,92276 1 9 11664 ,2789 
1400. ,93818 1913207 .2473 
1400 e ,95353 1.15075 ,2163 
1400. .-9 69 0 9 1 * 17538 .1859 
1400. .98455 1921460 ,1561 
1425. .91673 1.10902 ,2869 
1425 e 1.0000 .92887 1. 12026 ,2625 
1425. .EO00  ,94305 1 1 13528 I 2344 
1425, -6000 .95726 1.15357 ,2068 









1425; ,2000 113-4846 ,98575 1230.13 1,21667 .1531_ 
1450 e 1 m 3252 24.3167 ,91320 1190.96 ,2894 1110386 
1450 1.0000 33.3235 .93434 1203.44 11 12362 9 2482 
1450, ,8000 42.2512 .94741 1211.09 1 o 13829 ,2232 
1450. ,6000 51.0956 .96052 1218.73 1, 15624 1986 
1450. -4000 86.8153 .97366 1226.34 1,18015 .1744 
1450 ,2000 175.9780 ,98683 1233.93 1,21867 ,1505 
1475. 1.4938 22,0034 90965 1192.01 11 09887 .2917 
1475. 1.0000 33,9369 .93924 1209.48 1,12676 ,2358 



















1475. ,6000 58.0195 .96345 1223.60 1915877 e 1914 
1475. ,4000 88.12 17 .97561 1230.64 1 18239 .1697 





















34.5370 .94365 1215.24 1.12972 
43.6836 .95485 1221.73 11 14382 
58.9304 .96609 1228.31 1.16119 
89.4273 .97737 1234.83 1,18454 
19 08934 17.792C ,902 55 1194 * 10 
180.9234 .9886L 1241.34 - 1.22250 
35,1253 .94764 1220.74 1.13251 
44.3885 .95804 1226.80 1.14637 
59.8297 .96848 1232.86 1.16350 
90.7154 .97896 1238.92 1 e 18662 
,2000 183.3185 ,98947 1244.97 1122434 
2.1003 16,0657 ,89900 1195.14 1.08480 
1550 2.0000 16.9589 .90368 1197.94 1 08843 
.95125 1226.02 1 13515 
1550. .EO00 45.0830 ,96092 1231.65 1.14880 1908 
1550. 35.7032 
1550 ,6000 60.7186 .97064 1237.29 1 e 16572 .1747 
1550 .4000 91.9934 .98040 1242.93 1 a 18862 ,1586 
1575 0 2 3394 14.5453 ,89547 1196.18 1 08040 ' .2988 
1575. 2.0000 11.2931 .91016 1204.97 1 a 09191 ,2737 










1.0000 36.2117 .95452 1231.10 1,13767 -1996 
,6000 61.5984 ,97261 1241.60 1116785 .1703 
4000 93.2621 .98171 1246.86 1.19056 .1558 
,2000 188.2594 .99084 1252.11 1.22789 ,1413 
2.5988 13.2023 .E9195 1197.23 1.07614 ,3001 
2.0000 11.6188 .91605 1211.64 1,09517 .2602 
. 8 0 0 0  46.4452 .96593 1240.91 1,15334 .1797 
. 8 0 0 0  45.7683 .96354 1236.35 1 1 15112 9 1849 
1.0000 ' 36.8319 ,95750 1236.01 19 14006 1931 
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THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
1600.  ~ 6 0 0 0  62 .4699  .97440 1 2 4 5 . 8 1  1 1 6 9 9 1  - 1 6 6 4  
1600 .  a4000 94 .5227  .98290 1 2 5 0 . 7 2  1 1 9 2 4 5  .1532  
- 1600 .  .2000 190 .6812  .99144  i 2 5 5 . 6 2  l o  2 2 9 6 1  . 1 4 0 1  
1 6 2 5  * 2.8795 1 2 . 0 1 2 9  . a8845  1 1 9 8 . 2 8  1 9 0 7 2 0 1  , 3 0 1 1  
1625 .  2 .0000 1 1 . 9 3 7 1  ..92 1 4  2 1 2 1 7 . 9 9  1 . 0 9 8 2 3  , 2 4 8 2  
1625.  1 .0000  31 .3846  . 9 6 0 2 1  1 2 4 0 . 7 6  1 . 1 4 2 3 6  .1a73 
1 6 2 5  . a 0 0 0  41.1147 .96810 1245 .34  1 , 1 5 5 4 8  . 1 7 5 1  
, 1 6 3 0  1625 .  - 6 0 0 0  6 3 . 3 3 4 1  .97603  1 2 4 9 . 9 3  
, 1 5 0 9  1 6 2 5  .4000 95 .7160  .98399  1294 .52  
1650  3;-1824 1 0  9 5 6 6  , 8 8 4 9 0  1 1 9 9 . 3 4  1 . 0 6 8 0 1  , 3 0 1 9  
1 1 7 1 8 9  
1 1 9 4 2 9  
3 2 5 .  . ?O!O _______ 1 9 3 . 1 0  77 .99190 125_e,L1 - - 1 , 2 3 1 2 9  .138% 
1 6 5 0  3 . 0 0 0 0  
1650  2 .0000 
1650 .  1 .0000  
1650  . a 0 0 0  
1650  - 6 0 0 0  
1650  e .4000 
11 .7048  
1 8 . 2 4 8 7  
31 .9306  
41 .71  1 6  
64 .1915 
9 1 , 0 2 2 6  
& 6 5 0 ,  - 2 0 0 0  195 .5215 ,  
1675 .  3 .5088  1 0 . 0 1 6 2  
1 6 7 5 ,  3 4  0 0 0 0  1 1 . 9 3 0 9  
1 8 . 5 5 4 2  1675 .  2 .0000 
1675.  1 .0000  
1675 .  . a 0 0 0  
1 6 7 5 s  a6000 
1675 .  , 4 0 6 0  
i 6 7 5 .  .2_000 
1 7 0 0 .  3 8 5 9 6  
1700 .  3 .0000  
1700 .  2 .0000  
1700'. 1 . 0 0 0 0  
1 7 0 0 .  . a 0 0 0  
1700  , 6 0 0 0  
1700 .  4000 w!-!Lo.._ . - , 2 0 0 0  
1 7 2 5 .  4 .2359  
1725 .  4 .0000 
1725.  3 . 0 0 0 0  
1 7 2 5 s  2 .0000  
1 7 2 5 .  1 . 0 0 0 0  
1725 .  . a 0 0 0  
1 7 2 5 .  e6000 
1 7 2 5 .  , 4000  
L725, ,2000 
1 7 5 0  4 6 3 8 8  
1 7 5 0  4 .0000 
1750  a 3 . 0 0 0 0  
1750  a 2 .0000  
1 7 5 0 ,  1 .0000  
1750  . 8 0 0 0  
1750  e .6000 




1 7 7 5 s  5 
1 7 7 5 ,  5 
1 7 7 5  4 
1 7 7 5 .  3 
1775 .  2 
1775 .  1 
1 7 7 5  v 
1775 .  
38 .4706  
48 .4344 
65 .0430  
9 8  2632  
1 9 7 . 9 2 9 4  
9 .1768  
1 2 . 1 5 1 6  
1 8 . 0 5 4 4  
3 9 . 0 0 5 1  
49 .0857  
65 .8890 
9 9 . 4 9 8 3  
_ .  200.3319 
8 .4257  
8 . 9 8 8 5  
1 2 . 3 6 7 7  
1 9 . 1 4 9 6  
3 9 , 5 3 4 6  
4Y. 7322 
6 6 , 7 5 0 0  
100 .7286  
202 .7295  
I .  7522  
1 2 - 5 / 9 3  
1 9 . 4 4 0 3  
4 0 , 0 5 9 7  
5 0 . 3 7 4 1  
67 .5666  
9 .1596  
1 0 1 . 9 5 4 3  
205 .1226  
7 , 1 4  68' _-  
0 0 0 0  1 .  2 5 9 6  
0 0 0 0  9 , 3 2 6 9  
0 0 0 0  12 .7871  
0 0 0 0  19 .7270  
0 0 0 0  40 .5807  
8 0 0 0  5 1 , 0 1 1 9  
6000 6 8 . 3 9 9 1  
, 8 9 1 2 1  
, 9 2 6 3 1  
.96269  
.97009  




. a 9 7 7 9  
.93079  
.96496  
, 9 7 1 9 1  
.97889  
.98590 
. 9 9 2 9 3  






, 9 8 6 7 3  
, 9 9 3 3 5  
. a 7 4 7 4  
. a8120  
.90936  
.93867  
, 9 6 8 9 5  
9 7 5 1 1  
.98129  
,98750  
. a 7 1 4 0  
. a 8 7 8 1  
.91446  
, 9 4 2 1 4  




. 9 9 4 0 9 _  
. a 6 8 0 0  
. a 6 9 7 3  




, 9 7 7 8 2  
.98\333 
.-9 9 3  7 4 
1 2 0 3 . 1 1  1 . 0 7 2 4 6  . 2 9 2 1  
. 2 3 7 5  1 . 1 0 1 1 3  1224 .06  
1245 .37  1 , 1 4 4 5 6  . 1 8 2 1  
1 2 4 9 . 6 7  1 . 1 5 7 5 5  ,1710  
1 2 5 3 . 9 6  1 1 7 3 8 2  , 1 5 9 9  
1 2 5 8 . 2 7  1 9 1 9 6 0 7  .1489  
. 1262.57  1 ~ 3 ~ 5 2 ~  v 13-25! 
1 2 0 0 . 4 2  1 I 06414  , 3 0 2 5  
1 2 1 0 . 2 3  1 . 0 7 5 8 1  .2778  
1 2 2 9 . 8 8  1 , 1 0 3 8 7  , 2 2 8 0  
1 2 4 9 . 8 7  1 e 1 4 6 6 7  , 1 7 7 4  
1253 .89  1 * 1 5 9 5 4  , 1 6 7 3  
1 2 5 7 . 9 3  1 , 1 7 5 6 8  .1572  
1 2 6 1 . 9 7  1 . 1 9 7 8 2  , 1 4 7 1  
1 2 0 1 . 5 2  1 , 0 6 0 3 9  .3029  
1 2 1 7 . 0 2  1 .07897  2 6 5 1  
1235 .47  1 .10647  , 2 1 9 6  
1 2 5 4 . 2 5  1 . 1 4 8 7 1  1 7 3 3  
1 2 5 8 . 0 3  1 .16147  , 1 6 4 0  
1261 .82  1 . 1 7 7 5 0  , 1 5 4 7  
.. 126.62.QL_--1~23-4-56 .137 0 
1 2 6 5 . 6 2  1 t 1 9 9 5 2  . 1 4 5 5  
-. - 1 2 6 9242--  -.-A 23615.  , 1 3 6 2  
1 2 0 2 . 6 3  1 .05676  . 3 0 3 0  
1 2 0 6 . 5 6  l r 0 6 1 1 1  , 2 9 3 9  
1 2 2 3 . 5 0  1 . 0 8 1 9 6  , 2 5 3 7  
1 2 4 0 . 8 6  1 .10896  , 2 1 2 0  
, 1 6 9 5  1 , 1 5 0 6 9  1 2 5 8 . 5 3  
1 2 6 2 . 0 9  1 .16334  ,1610  
1 2 6 9 . 2 4  1 .20118  , 1 4 4 0  
1265 .66  1 , 1 7 9 2 7  t 1 5 2 5  
1 2  72 . e2 -  - __1_*232?_2--- . A 2 2 5  
1 2 0 3 . 7 7  1 05325  e 3030 
1 2 1 3 . 7 3  1 .06438  , 2 0 0 4  
1 2 2 9 . 7 1  1 .08478  , 2 4 3 5  
1 2 4 6 . 0 7  1911133 , 2 0 5 2  
1 2 6 2 . 7 3  1815260  , 1 6 6 2  
1 2 6 6 . 0 9  1 , 1 6 5 1 5  ,1583 
1 2 6 9 . 4 5  1 . 1 8 0 9 9  .1505  
i 2 7 2 . 8 2  1 . 2 0 2 8 1  * 1 4 2 6  
1 2 7 6 . 2 0  _____________ 1 . 2 3 9 2 5  _ _ .134_8 
1 2 0 4 . 9 3  1 04985  , 3 0 2 8  
- -  
1 2 0 5 . 9 3  1 . 0 5 0 9 0  , 3 0 0 6  
1 2 3 5 . 6 8  1 . 0 8 7 4 7  , 2 3 4 3  
1251 .12  1 .11360  , 1 9 9 0  
1 2 6 6 . 8 4  1 . 1 5 4 4 5  . 1 6 3 1  
1 2 7 0 . 0 1  1 9 1 6 6 9 2  , 1 5 5 9  
1 2 7 3 . 1 9  1 o 1 8 2 6 7  , 1 4 8 7  
1 2 2 0 . 5 9  1 , 0 6 7 4 6  e 2 6 8 3  
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THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base] 
t P vg  a hg 89 2 P 
1775.  4000 103 .1160  .98886  1 2 7 6 . 3 7  1 20441  1414 
1 7 7 5 .  &QOQ- 201 .5116  .99442  1279 .56  1.24077 ,1343  
1800. 5 .5287  6.6014 .a6482 1 2 0 6 . 1 1  1 04655 ,3024  
1800 * 5 .0000  1.3986 .a7657 1213 .27  1105417 , 2 8 7 3  
1800 .  4 .0000 9.4908 .a9956  1227 .16  1 01039 .2574  
1800. 3 .0000  12 .9912  .92350 1241 .43  1 ,09003  ,2260  
1800 I 2.0000 2 0 . 0 1 0 1  .94830 1256.03 1 11578 .1935 
1800.  1 .0000 41.0980 .97384 1270 .89  1 ,15625  ,1604 
1800. . a 0 0 0  5 1  6 4 6 1  ,97902  1273 .88  1 e 16864 .1537  
1800.  -6000  69 .2279  .98423 1276 .89  1 e 18432 ,1470  
1800.  4000 104.3940 .98947 1279 .90  1: 20598 1404 
1825.  6 .0179  6 .1090  ,86159  1207 .32  1.04337 .3019  
1825.  6 . 0 0 0 0  6 .1298  .a6196  1207 .54  1.04360 .3014 
1825.  5 .0000 7.5546 .a8292 1220 .30  1.115727 ,2753  
1 8 0 0 .  . 2 m o  209 .8969  .99472 1282191  1 ~ 2 4 ? 2 6  - __ . -1 3 3 7  
1825 e 4 .0000 9.6516 a90479 1233 .47  1 , 0 7 3 1 6  t 2476 
1825,  3 .0000  13 .1922  .92752  1246 .99  1 .09248  ,2185 
1825 .  2.0000 20 .2898  .95103 1260 .80  1 .11789  .1885  
I 8 2 5  e 1.0000 41.6119 .97523 1274.86 1 15800 .1579  
1825.  , 8 0 0 0  52.2168 .98014 1277.70 1 ,17032  ,1517  
,1455  1825.  9 6000 70.0533 ,98507  1280 .54  1.18593 
1825 ,  ,4000 105 .6086  .99003  1283 .39  1 .20752  ,1394 
,2000 212 .2189  .99500  _. 1286 .25  1 e 24373 - 1 3 3 2  









1075 .  
1075 .  









1 8 7 5 -  




1900 ,  
1900 .  
1900. 
1900. 
1900 .  








6 .0000  




1 .0000  
. 8 0 0 0  
.6000 
- 4 0 0 0  
! 20 0 0  
7 .0897  
7.0000 
6 .0000  




1 .0000  




7 ,6745  
7 . 0 0 0 0  
6 .0000  
5 .0000  
4.0000 
3 .0000  
2 .0000  
1 .0000  
.BOO0 
6000 
- 4 0 0 0  
8 .2932  
I.m 




42 .1227  
52.9U45 
70 ,8156  
1 0 6 . 8 2 0 1  
214.6577 
13 .3YOl  
-- . -- ._ . 
5 . 2 5 %  -- 
5 .3572  
6 . 3 6 0 1  
1.7908 
9.9649 
13 .5853  
20.8403 
42.6306 
53 .5293  
11.6Y50 
108 .0287  
-_-___. 211 .0336  
4 .8Y31  
5.4567 
6 .4119  
1 .9273  
10 .1118  
13 .7180  
21.1116 
43.1560 
54 .1514  
12.5119 
109 .2547  
I-.---. 219.40 1.0. 
4.5593 
1925.  8 . 0 0 0 0  4 7523 
. 
. a 6 8 8 1  


































.9  9 57  3 
. . .... 
. _.... 
. . 
1 2 1 4 . 9 1  
1227 .05  
1239 .54  
1252 .36  
1265 .46  
1278 .78  
1281 .47  
1284.16 
1286 .86  
1209 .80  
1210 .79  
1221 .99  
1233 .53  
1 2 4 5 . 4 1  
1257 .58  
1270 .01  
1285 .20  
1287 .75  
I2B-92 5 7  . -. 
1282.65 
1290 .32  
*?2, e 8 
1211 .09  
1218.10 
1228 .78  
1239 .78  
1251 .08  
1262 .65  
1274 .45  
1286  46 
1288 .88  
1 2 9 1 . 3 1  
1293 .75  
1296 .19  
1212 .39  
1215 .24  
1 .04681  
1 e 06020 
1 07581  
1 .11991  
1 e 15970 
1 18750 




1 e 04985 
1 I 09482 
1 .17196  
1 06299 
1 .01833  
1 n 09706 
1 .12187  
1 ,16137  
1 .17357  
1,18905 
1 .21052  
1.24801-- __ 
1 . 0 3 1 6 1  

















- 1 5 3 6  
.1483  
, 1 3 7 7  
- - - - ~ _ . . _ - _ _  1.24660 , 1 3 2 2  
1 . 0 3 4 4 1  ,2994 
1 .04139  ,2867  
1 .05275  ,2667  
1 9  06566 ,2455  
,2306  
9 1430 
1 .08075  2232 
1 09922 .2000 
1 .12316  1 7 6 1  
1 e 16299  ,1517  
1 * 1 1 5 1 4  .1468  
.1419  1 .19057  
1 .21198  * 1369  




THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
1925 7 e 0000 5.5544 .E6986 1225.13 1.04435 .2758 
1925. 6.0000 6.5818 .E8670 1235.33 1.05551 .2571 
1925. 4.0000 10.2684 .92225 1256.57 1.08307 ,2165 
1925. 3.0000 13.9684 ,94092 1267.58 lrlO130 -1949 
1925. 2.0000 21,3805 .96013 1278.81 1 12560 .1727 
1925. 1.0000 43.6389 ,97985 1290.23 1.16458 ,1500 
1925 .BOO0 54.7712 .98384 1292.54 1117668 1454 
1925. 9 6000 75.3263 ,98786 1294.85 1.19206 ,1408 
1925. -4000 110.4383 ,99189 1297.16 
1925 9 5.0000 8.0537 .90416 1245.81 1.06820 ,2373 

















. 7 0  221,7179 * 9 9 5 9 4 --n9-. L- 
8 9469 4.2550 .E4591 1213.72 
8.0000 4,8388 .E6017 1222.44 
6.0000 6.6897 .89189 1241.64 1.05814 
1.07063 5.0000 8.1181 .go861 1251.65 
4.0000 10.4171 .92589 1261.91 1.08529 
2.0000 21.6473 .96203 1283 09 1.12739 
7.0000 5.6303 .E7575 1231.90 1.04718 
3.0000 14.1567 .94371 1272.40 1.10331 
1.0000 44,1397 .98081 1293.96 1.16614 
.BOO0 55.3888 .98461 1296 16 1.17819 
,6000 74.1385 .98844 1298.35 1 19352 














/950. .20'00 224.1466 -99613 1302.77 l r  25077 1313 
1975. 9.6366 3.9170 ,84284 1215.08 1.02627 ,2962 




































2000. 10 3632 






































2000. ,2000 228.8781 
2025. 11.1276 3.4893 
2025. 11.0000 5.5365 
2025. 10.0000 3.9490 
2025, 9.0000 4.4550 
2025 8.0000 5.0897 
2025. 7.0000 5,9086 

































































1238.43 1.04987 ,2567 
1247.75 1 e 06066 ,2402 
1257.31 1.07297 ,2229 





1 21623 ,1350 
1.25212 ,1310 










1 16916 .1457 






1267.10 1.08743 2048 
1 e 16766 
















THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
t P v g  a ibg 8s 4J 
2025 5.0000 8.5411 ,92029 1268.14 1,07738 ,2108 
2025, 4 * 0 0 0 0  1 0  8522 .93545 1277.08 1 e 09150 .1950 
2025. 3.0000 14.7104 .95102 1286.21 1.,10896 .1786 
2025. 2.0000 22.4561 .96699 1295.50 1913246 ,1617 
2025-  1.0000 45.6504 .98333 1304.94 1,17063 1445 
2025. , 8 0 0 0  51.2299 98663 1306.84 1 , 18256  .1410 
2025 * .6000 76.5635 ,98996 1308.75 1,19777 ,1375 
2025 * ,4000 115.2321 ,99329 1310.67 1 9  21897 ,1340 
2025. ,2000 23 1.2 4 1 i -_-A2664--iS)3 -59- - - 1 - . 2 5 4 7 3  ~ 3 m .  
2050. 11.9309 3.215J .E3366 1219.23 1.01886 a 2928 
2050 11.0000 3.5998 .E4481 1225.99 1.02501 2824 
2050. 10.0000 4.0111 .a5705 1233.40 1.03209 ,2710 
2050 9.0000 4.5289 .E6961 1241.00 1,03974 ,2591 
2050 t 8 . 0 0 0 0  5.1107 .E8254 1248.79 1,04808 ,2467 
2050. 7.0000 5,9986 .E9586 1256.78 1,05730 .2336 
2050 5.0000 8 .6591  .92371  1273.34 1.07946 .2055 
2050. 4.0000 10 .9941  ,93824 1281.90 1.09343 ,1907 
2050 I 3.0000 14.8918 .95315 1290.63 1,11075 ,1753 
2050 s 2.0000 22.6958 .96843 1299 .51  1.13407 ,1595 
2050 e 1.0000 46.1239 .98406 1308.54 1 e 17207  ,1434 
2050 I . 8 0 0 0  51.8402 .98722 1310.36 1.18397 .1401 
2050. ,6000 71.3684 .99040 1312.18 1.19914 ,1369 
2050 -4000  116.4262 .99359 1314;OL 1 .22031  ,1336 
.1303 
2075. 12.7740 3.0180 .E3058 1220.64 1 01653 ,2917 
2050. 6.0000 7.1055 ,90958 1264.97 1,06763 2199 













































111.6188 _ _  - 
2075. ,2000 235.9624 














































































































- 1 3 3 2  
- 2 5 1 2  
~- 
.99693, 13-1-9.10 1,25738 A 01. 





































1 e 03041  
1.03727 
1 04469 
1 * 0 5 2 8 1  
1.06178 
1.07186 



























THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base) 
t P vg a hg 89 cg 
2125.  1 4  I 5829  2 .7287 . e2432  1 2 2 3 . 4 7  1 * 0 1 2 0 7  . 2 8 9 8  
2125.  14 .0000  2 .8632  .E3037 1 2 2 7 . 0 8  1 9  01518  . 2 8 4 5  
2125. 1 3 , 0 0 0 0  3 .1221  . 8 4 0 8 1  1 2 3 3 . 3 3  1 .02074  .2754  
2125.  1 2 , 0 0 0 0  3 .4248  .E5139 1 2 3 9 . 6 9  1 02664  , 2 6 6 2  
2125. 1 1 . 0 0 0 0  3.7835 , 8 6 2 1 7  1 2 4 6 . 1 7  1 .03294  .2568  
2125. 1 0 . 0 0 0 0  4 . 2 1 5 1  :e7320 1 2 5 2 . 8 0  1 . 0 3 9 7 1  , 2 4 7 1  
, 2 2 6 5  2125.  8 . 0 0 0 0  5 .4010  . e 9 6 0 9  1266 .50  
2125.  7.0000 6 2615  .90800 1273 .59  1 .06390  , 2 1 5 4  
2125.  6 .0000 7 .4035  .92022  1 2 8 0 . 8 3  1 .37386  .2040  
, 1 9 2 0  
2125.  4 .0000 11 .4118  . 9 4 5 6 3  1 2 9 5 . 7 7  1 . 0 9 8 8 7  .1797  
2 1 2 5 ,  3 .0000 15 .4216  .95880 1 3 0 3 . 4 5  1 .11576  , 1 6 7 0  
, 1 5 3 9  2125.  2 . 0 0 0 0  23 .4663  .97226  1 3 1 1 . 2 6  
2125.  1 . 0 0 0 0  47 .5959  .98600 1 3 1 9 . 1 8  1 e 1 7 6 2 5  , 1 4 0 6  
2125.  . e o 0 0  59.6626 .98878  1 3 2 0 . 7 8  1 e 1 8 8 0 6  , 1 3 7 9  
2125s  6000 79.7f 46 .99157  1 3 2 2 . 3 8  1 , 2 0 3 1 5  , 1 3 5 2  
.1325  2125.  4000 1 1 9 . 9 9 9 9  .99437  1 3 2 3 . 9 9  
P 
2125  9 .0000 4 .7440 , 8 8 4 5 0  1 2 5 9 . 5 7  1 . 0 4 7 0 3  e 2370 
l e 0 5 5 0 4  
2125 ,  5 . 0 0 0 0  9 . 0 0 5 3  .93277  1 2 8 8 . 2 3  1 s 3 8 5 3 1  
1 * 1 3 8 6 8  
1 , 2 2 4 2 2  
2l25 * 2 0 0 0  1 .25991  .1298  
2150 15 .5504  2 . 5 f 3 6  . a 2 1 1 2  1224 .88  i f 0 0 9 9 3  - 2 8 9 1  
2150; 15 .0000  2 .6858  . e2660  1 2 2 8 . 1 3  l r  01268  , 2 8 4 3  
























2175 ,  
2175.  
2175.  
2175 ,  
2175.  
2 1 7 5 ,  
2175.  
2175.  







2175 ,  
14 .0000 
1 3 -  0 0 0 0  
12. 000.0 
11.0000 
1 0 . 0 0 0 0  
9.0000 





2 . 0 0 0 0  
1 . 0 0 0 0  
. B O O 0  
- 6 0 0 0  
4000 
1 6  5612  
15 .0000  
14 .0000 
13 .0000 
1 2 . 0 0 0 0  
1 1 . 0 0 0 0  
1 0 . 0 0 0 0  
9 .0000 
8 . 0 0 0 0  
6 .0000 
5 .0000  
4 .0000 
3 .0000  
2 . 0 0 0 0  
1 . 0 0 0 0  
. a 0 0 0  




___ - . . “Zqoo-  






4 .2192  
4 .0138 
5 .4837  
6 . 3 4 7 1  
7 .5006 
9 .1184 
11 .5487  
15 .6039  
23 .7207 
48 .0840 
6 0 . 2 6 7 5  
8 0 . 5 f 4 1  
1 2 1 . 1 8 8 5  
2 4299  
2 .5318  
2 .7320 
2 . 9 6 1 1  
3 .2258  

















5 9 6 8  
2 5 0 5  
6 8 4 6  
7 / 8 9  
2 3 . 9 f  40 
48 .5711  
60 .8114  
81 .3726  
1 2 2 . 3 f 6 1  
245  3889  
.E3659 
. e 4 6 6 8  
.E5691  
. e6734  
.87800 
. 8 8 8 9 1  









, 9 9 1 9 1  
,99460  
.E1785 
. *?972-9__ _ _  
, 8 2 3 2 4  
. e 3 2 8 4  
. e 4 2 4 9  
.E5224 
. e6214  
.E7223 
. e 8 2 5 4  








. 9 8 7 1 1  
.98967  
.99224  
, 9 9 4 8 2  
.99740 
1 2 3 4 .  0 8  
1 2 4 0 . 1 1  
1 2 4 6 . 2 4  
1 2 5 2  5 0  
1 2 5 8 . 8 9  
1 2 6 5 . 4 2  
1 2 7 2 . 0 9  
1 2 7 8 . 9 1  
1 2 8 5 . 8 8  
1 2 9 2 . 9 8  
1 3 0 0 . 2 2  
1 3 0 7 . 5 9  
1 3 1 5 . 0 8  
1 3 2 2 . 6 9  
1 3 2 4 . 2 2  
1325 .76  
1327 .30  
.-13?_e.e4 - 
1 2 2 6 . 2 8  
1 2 2 9 . 4 5  
1 2 3 5 . 1 2  
1 2 4 0 . 8 6  
1 2 4 6 . 6 9  
1 2 5 2 . 6 1  
1 2 5 8 . 6 5  
1 2 6 4 . 8 1  
1 2 7 1 . 1 1  
1 2 7 7 . 5 4  
1 2 8 4 . 1 1  
1 2 9 0 . 8 1  
1297 .64  
1 3 0 4 . 6 0  
1 3 1 1 c 6 8  
1 3 1 8 . 8 7  
1 3 2 6 . 1 7  
1 3 2 7 . 6 4  
1329 .12  
1 3 3 0 . 6 0  
1 3 3 2  0 8  
1 . 0 1 7 8 7  
1 s 0 2 3 3 5  
1 . 0 2 9 1 7  
1 * 03538  
1 . 0 4 2 0 5  
1 , 0 4 9 2 8  
10 05719  
1 .06595  
1107580  
1 , 0 8 7 1 4  
l e 1 0 0 5 9  
1 , 1 1 7 3 6  
1 .17760  
1 .18938  
1 , 2 2 5 5 0  
-. 1126.116 
1 , 1 4 0 1 5  
1 2 0 4 4 5  
1 .00784  
1 . 0 1 0 4 8  
1 I 01535  
1 , 0 2 0 4 6  
1 , 0 2 5 8 6  
1 9 0 3 1 6 0  
1 . 0 3 7 7 2  
1 . 0 4 4 3 1  
1 . 0 5 1 4 5  
1 05927 
1 , 0 6 7 9 3  
1 . 0 7 7 6 8  
1 e 0 8 8 9 1  
1 * 1 0 2 2 6  
1 . 1 1 8 9 2  
1 . 1 4 1 6 0  
1 . 1 7 8 9 3  
1 1 9 0 6 9  
1 . 2 0 5 7 3  
1 q 22676  
1 . 2 6 2 4 0  
2756  
, 2 6 7 1  
, 2 5 8 4  
, 2 4 9 5  







1 6 4 6  
, 1 5 2 3  
, 1 3 9 8  
, 1 3 7 3  
, 1 3 4 7  
, 1 3 2 2  
- 3 2 9 6  
e 2886  
, 2 8 3 8  
, 2 7 5 6  
.2675  
.2594  
, 2 5 1 1  
, 2 4 2 7  
, 2 3 3 9  
, 2 2 4 8  
, 2 1 5 4  
, 1 9 5 3  
.1e46 
, 1 7 3 7  
, 1 6 2 4  
, 1 3 9 1  
. 1 3 6 7  
1 3 4 3  
2055  
, 1 5 0 8  




THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
t P vg 2 hg  sg 
2 2 0 0 ,  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0  I 
2 2 0 0  a 
2 2 0 0 ,  
2 2 0 0  I 
2 2 0 0 ;  
2 2 0 0 ,  
2 2 0 0 .  
2200.  
2 2 0 0 ,  
2 2 0 0 .  
2 2 0 0 .  
2 2 0 0 .  
2 2 2 5  
2 2 2 5 .  
2 2 2 5 .  
2225a  
2 2 2 5  e 
2 2 2 5 ,  
2 2 2 5 .  
2 2 2 5 ,  
2 2 2 5 .  
2 2 2 5 .  
2 2 2 5 ,  
2 2 2 5 .  
2 2 2 5 .  
2 2 2 5  e 
2 2 2 5 ,  
2 2 2 5 ,  
2 2 2 5 ,  
2 2 2 5  a 
2 2 2 5  
2 2 2 5  0 
22-25. 
2 2 5 0 .  
2 2 5 0 .  
2 2 5 0  I 
2 2 5 0  0 
2 2 2 5 ,  
2 2 5 0  I 
2 2 5 0 .  
2 2 5 0  e 
2 2 5 0 ,  
2 2 5 0 .  
2 2 5 0 ,  
2 2 5 0 .  
2 2 5 0 .  
2 2 5 0 .  
2 2 5 0  p 
2 2 5 0  
1 6 . 0 0 0 0  
1 5 . 0 0 0 0  
1 4 . 0 0 0 0  
1 3 . 0 0 0 0  
1 2 . 0 0 0 0  
1 1 . 0 0 0 0  
1 0 . 0 0 0 0  
9 , 0 0 0 0  
8.0000 
7 . 0 0 0 0  
6 . 0 0 0 0  
5 * 0000 
4 . 0 0 0 0  
3 . 0 0 0 0  
2 . 0 0 0 0  
1 . 0 0 0 0  
.a000 
- 6 0 0 0  
~ 4 0 0 0  
-:EO4 P - 
1 9 . 8 6 0 5  
1 9 . 0 0 0 0  
1 8 . 0 0 0 0  
1 7 . 0 0 0 0  
1 6 . 0 0 0 0  
1 5 i , O O O O  
1 4 . 0 0 0 0  
1 3 . 0 0 0 0  
1 2 . 0 0 0 0  
1 1 . 0 0 0 0  
1 0 . 0 0 0 0  
9 . 0 0 0 0  
8.0000 
7 . 0 0 0 0  
6 . 0 0 0 0  
1 7 . 6 1 5 9  
1 7 . 0 0 0 0  
1 6 . 0 0 0 0  
1 5 . 0 0 0 0  
1 4 . 0 0 0 0  
1 3 . 0 0 0 0  
1 2 . 0 0 0 0  
1 1 . 0 0 0 0  
1 0 . 0 0 0 0  
9 . 0 0 0 0  
8.0000 
7 . 0 0 0 0  
6 . 0 0 0 0  
5 . 0 0 0 0  
4 , 0 0 0 0  
3 . 0 0 0 0  
2 . 0 0 0 0  
1 . 0 0 0 0  
.a000 
6 0 0 0  
- 4 0 0 0  
1 8 . 7 1 5 4  
-...- r 2 0 0 Q - -  
18.0000 2 - 2 / 7 2  
17,O 0 0 0 2 . 4 5 7 6  
2 . 6 1 7 9  
2 . 8 2 2 3  
3 0 5 6 2  
3 . 3 2 6 6  
3 , 6 4 2 6  
4 . 0 1 6 8  
4 . 4 6 6 9  
5 . 0 1 8 3  
5 . 7 0 8 8  
6 . 5 9 8 4  
7 .7864 
9 . 4 5 2 0  
1 1 . 9 5 3 4  
1 6 . 1 2 6 3  
2 4 . 4 7 7 5  
4 9 . 5 4 2 1  
6 2 . 0 1 5 9  
8 2 . 9 6 6 3  
1 2 4 . 7 4 8 2  
2 . 2 9 6 7  
2 . 3 9 6 6  
2 , 5 1 5 2  
2 , 7 1 1 5  
3 . 0 0 9 0  
3 . 2 1 6 5  
3 . 5 8 9 2  
3 . 9 2 9 6  
4 . 4 0 5 1  
4 . 9 5 0 9  
5 . 6 3 4 6  
6 . 5 1 5 4  
1.6Y20 
9 . 3 4 1 7  
1 1 . 8 1 9 4  
1 5 . 9 3 3 1  
2 4 . 2 2 6 2  
4 9 . 0 5 7 1  
6 1 , 4 7 4 1  
8 2  ..1699 
1 2 5 . 5 6 2 6  
- .. 2 4  I E 7 427- 
2 . 1 1 2 8  
..-.2-5 0 * 0 9 5 5. 
2 . 0 5 1 5  
2 . 1 1 0 9  
2 . 3 1 5 9  
2 . 4 7 7 8  
2 . 6 6 0 0  
2 . 8 6 6 5  
3 . 1 0 2 9  
3 . 3 1 6 0  
3 . 6 9 5 3  
4 . 0 1 3 4  
4 . 5 2 8 1  
5 . 0 8 4 9  
5 . 7 8 2 3  
6 . 6 8 0 5  
7 .8800 
. a 1 4 4 9  
. a 2 0 2 2  
, 8 2 9 4 8  
. a 3 8 7 5  
. e 4 8 0 7  
, 8 5 7 5 1  
, 8 6 7 0 9  
, 8 7 6 8 6  
. a 8 6 8 3  
. a 9 7 0 4  
. 9 0 7 4 8  
. 9 1 8 1 8  
. 9 2 9 1 3  
. 9 4 0 3 3  
. 9 5 1 7 9  
. 9 6 3 5 0  
, 9 7 5 4 4  
. 9 8 7 6 1  
. 9 9 0 0 7  
. 9 9 2 5 4  
. 9 9 5 0 2  
1 2 2 7 . 6 5  
1 2 3 0 . 9 9  
1 2 3 6 . 4 3  
1 2 4 1 . 9 1  
1 2 4 7 . 4 5  
1 2 5 3 . 0 8  
1 2 5 8 . 8 0  
1 2 6 4 . 6 4  
1 2 7 0 . 5 9  
1 2 7 6 . 6 6  
1 2 8 2 . 8 6  
1 2 8 9 . 1 9  
1 2 9 5 . 6 4  
1 3 0 2 . 2 2  
1 3 0 8 . 9 1  
1 3 1 5 . 7 1  
1 3 2 2 . 6 3  
1 3 2 9 . 6 4  
1 3 3 1 . 0 5  
1 3 3 2 . 4  7 
1 3 3 3 . 8 9  
. 9 9 7 5 1  _"_ A335.31 
. a 1 1 0 3  1 2 2 9 . 0 0  
. a 1 7 5 0  1 2 3 2 . 7 4  
. a 2 6 4 7  1 2 3 7 . 9 6  
.a3539 
. a 4 4 3 4  
* 8 5 3 3 7  
, 8 6 2 5 0  
. a 7 1 7 9  
. a 8 1 2 5  
. a 9 0 9 1  
. 9 0 0 7 8  
. 9 1 0 8 7  
. 9 2 1 2 0  
, 9 3 1 7 7  
. 9 4 2 5 8  
. 9 5 3 6 2  
, 9 6 4 8 9  
. 9 7 6 3 8  
. 9 8 8 0 9  
. 9 9 0 4 5  
, 9 9 2 8 3  
. 9 9 5 2 1  
. 9 9 7 6 0  
. a 0 7 4 5  
. a 1 5 0 4  
. a 2 3 7 4  
. e 3 2 3 7  
. a 4 9 6 5  
, 8 5 8 3 9  
. a 6 7 2 5  
. e 7 6 2 5  
, 6 8 5 4 1  
. 8 9 4 7 7  
- 9 0 4 3 2  
. 9 1 4 0 9  
. 9 2 4 0 7  
. 9 3 4 2 7  
. a 4 1 0 0  
1 2 4 3 . 2 1  
1 2 4 8 . 5 0  
1 2 5 3 . 8 6  
1 2 5 9 . 3 0  
1 2 6 4 . 8 3  
1 2 7 0 . 4 7  
1 2 7 6 . 2 2  
1 2 8 2 . 0 8  
1 2 8 8 . 0 6  
1 2 9 4 . 1 6  
1 3 0 0 . 3 8  
1 3 0 6 . 7 1  
1313.15 
1 3 1 9 . 7 0  
1 3 2 6 . 3 5  
1 3 3 3 . 0 9  
1 3 3 4 . 4 5  
1335.81 
1 3 3 7 . 1 8  
1338 55 .- 
1 2 3 0 . 3 1  
1 2 3 4 . 6 6  
1 2 3 9 . 6 9  
1 2 4 4 . 7 3  
1 2 4 9 . 8 0  
1 2 5 4 . 9 1  
1 2 6 0 . 1 0  
1 2 6 5 . 3 6  
1 2 7 0 . 7 1  
1 2 7 6 . 1 6  
1 2 8 1 . 7 2  
1 2 8 7 . 3 8  
1 2 9 3 . 1 5  
1 2 9 9 . 0 4  
1 3 0 5 . 0 3  
1 e 0 0 5 8 0  
1 . 0 0 8 5 3  
1 , 0 1 7 9 1  
1 - 0 2 2 9 5  
1 . 0 2 8 2 8  
1 I 0 3 3 9 4  
1 e 0 3 9 9 8  
1 0 5 3 5 5  
1 t 0 6 1 2 8  
1 0 6 9 8 5  
1 . 0 1 3 1 2  
1 . 0 4 6 4 9  
1 0 7 9 5 1  
1 . 0 9 0 6 4  
1 . 1 0 3 8 8  
1 . 1 2 0 4 4  
1 1 4 3 0 2  
1 , 1 9 1 9 8  
1 , 2 2 8 0 0  
1 , 2 6 3 6 2  
1 0 0 6 8 1  
1 0 0 1 1 1 4  
1 I 0 1 5 6 6  
1 . 0 2 0 3 8  
1 , 0 2 5 3 5  
1 ~ 0 3 0 6 1  
1 . 0 3 6 1 9  
1 . 0 4 2 1 7  
1 0 4 8 6 0  
1 . 0 5 5 5 8  
1 , 0 6 3 2 3  
1 . 0 7 1 7 1  
1 , 0 8 1 2 8  
1 . 0 9 2 3 2  
1 . 1 0 5 4 7  
1 , 1 6 0 2 4  
1 . 2 0 7 0 0  
1 . 0 0 3 8 0  
1 , 1 2 1 9 3  
1 8 1 4 4 4 1  
1 q 18153 
1 . 1 9 3 2 5  
1, 2 0 8 2 5  
1 q 2 2 9 2 3  
1 0 0 1 8 5  
1 0 0 9 3 9  
1 , 0 1 3 6 5  
l . O l 8 1 0  
1 * 0 2 2 7 6  
1 . 0 2 7 6 6  
1 0 3 2 8 5  
1 , 0 3 8 3 7  
1 . 0 4 4 2 8  
1 , 0 5 0 6 4  
1 s OS754 
1 e 0 6 5 1 1  
1 . 0 7 3 5 2  
1 0 8 3 0 1  
- -. - 1 . 2 6 4 8 3 -  _ .
1 , 0 0 5 2 8  
c; 
, 2 8 8 3  
. 2 7 5 2  
. 2 6 7 5  
, 2 5 9 9  
, 2 5 2 2  
, 2 4 4 4  
. 2 3 6 4  
, 2 2 8 0  
, 2 1 9 4  
, 2 1 0 4  
. 2 0 1 1  
1 9 1 4  
- 1 8 1 4  
, 1 7 1 0  
. 1 6 0 4  
. 1 4 9 5  
.1384 
, 1 3 6 1  
.1339 
- 1 3 1 6  
_ .  *-1293 
, 2 8 8 3  
. 2 8 2 4  
, 2 7 4 6  
. 2 6 7 2  
, 2 6 0 0  
. 2 4 5 5  
. 2 3 8 1  
, 2 2 2 5  
, 2 0 5 8  
, 1 9 7 0  
, 1 8 7 8  
, 1 7 8 3  
, 1 6 8 5  
* 1585 
1 4 8 2  
. 1 3 7 7  
,1356 
9 1335 
, 1 3 1 4  
. 1 2 9 2  
- 2 8 8 6  
, 2 8 1 5  
. 2 7 3 9  
, 2 5 9 8  
2 5 3 0  
, 2 4 6 2  
. 2 3 9 3  
. 2 3 2 2  
, 2 2 5 0  
, 2 1 7 4  
- 2 0 1 5  
. 1 9 3 1  
1 8 4 4  
0 2 8 3 2  
2 5 2 8  
, 2 3 0 5  
, 2 1 4 3  
t 2 6 6 8  
9 2 0 9 6  
APPENDIX B 
THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base) 
t P vg z h9 80 09 
2250 e 5 . 0 0 0 0  9 . 5 6 1 5  .94470  
2250 + 4 . 0 0 0 0  1 2 . 0 8 6 6  .95534  
2250.  3 . 0 0 0 0  1 6 . 2 9 8 6  .96620  
2250 e 2 . 0 0 0 0  2 4 . 7 2 8 0  . 9 7 7 2 7  
2250 1 . 0 0 0 0  5 0 . 0 2 6 2  .98854  
2250 e .EO00 6 2 , 6 1 6 8  . 9 9 0 8 2  
2250.  e6000 8 3 . 7 6 1 8  .99310  
2250 .  
.2250. 
2275 




2275 .  
2 2 7 5 ,  
2275 ,  
2275.  






2 2 7 5 ,  





2275 .  
2275 .  
2275 ,  
-4000  
.2000  
2 1 . 0 5 1 7  
2 1 , 0 0 0 0  
2 0 . 0 0 0 0  
1 9 , 0 0 0 0  
1 8 . 0 0 0 0  
1 7 . 0 0 0 0  
1 6 . 0 0 0 0  
15r0000  
1 4 . 0 0 0 0  
1 3 . 0 0 0 0  
1 2 . 0 0 0 0  
1 1 . 0 0 0 0  
1 0 . 0 0 0 0  
9 . 0 0 0 0  
7 . 0 0 0 0  
6 . 0 0 0 0  
8 . 0 0 0 0  
5 . 0 0 0 0  
4 . 0 0 0 0  
3 . 0 0 0 0  
2 . 0 0 0 0  
1 , 0 0 0 0  
, 8 0 0 0  
- 6 0 0 0  
1 2 5 . 9 3 2 8  
2 5 2 , 4 4 7 5  
1 . 9 4 9 9  
1 . 9 5 5 8  
2 . 0 1 5 6  
2 . 2 0 1 7  
2 . 3 5 4 0  
2 , 5 1 7 5  
2 . 7 0 1 5  
2 . 9 1 0 1  
3 , 1 4 8 9  
3 , 4 2 4 9  
3 , 7 4 1 4  
4 . 1 2 9 3  
4 . 5 8 8 6  
5 . 1 5 0 9  
5 . 8 5 5 1  
6 . 7 6 1 9  
7 . 9 1 2 8  
9 . 6 1 0 2  
1 2 , 2 1 8 9  
1 6 , 4 7 0 1  
2 4 . 9 1 7 6  
5 0 . 5 0 9 5  
b3 .2169  
8 4 . 5 5 6 5  
. 9 9 5 3 9  
, 9 9 7 6 9  
. e 0 3 7 2  
.BO417 
. e 1 2 8 1  
. e 2 1 2 8  
, 8 2 9 6 5  
.E3798 








- 9 1 7 1 3  
. 9 2 6 7 8  




, 9 7 8 1 1  
. 9 8 8 9 6  
.99116  
.99336  
2275.  , 4000  1 2 1 . 1 1 6 5  , 9 9 5 5 6  
2300 .  22 .2899  1 . 8 4 9 4  . 7 9 9 8 2  
2275 .  . 2000  254 I 7985 *9977_8-.- 
2300 9 
2300.  
2300 ,  
2300 ,  
2300 .  
2300 .  
2 3 0 0 ,  
2300 




2300 .  
2300.  
2300 ,  
2300 
2300 ,  
2300.  
2300 e 
2300 ,  
2300 .  
2300 ,  
2300.  
2300.  
2 2 . 0 0 0 0  
2 1 . 0 0 0 0  
20 .0000  
1 9 . 0 0 0 0  
1 8 . 0 0 0 0  
17 .0000  
16 .0000  
1 5 . 0 0 0 0  
14r0000  
1 3 . 0 0 0 0  
1 2 . 0 0 0 0  
1 1 , 0 0 0 0  
10 .0000  
9 . 0 0 0 0  
8 . 0 0 0 0  
7 .0000  
6 . 0 0 0 0  
5 * 0 0 0 0  
4 . 0 0 0 0  
3 . 0 0 0 0  
2 . 0 0 0 0  
1 . 0 0 0 0  
.EO00 
, 6000  
1 . 8 7 9 6  
1 . 9 8 9 9  
2 . 1 1 0 7  
2 . 2 4 3 8  
2 . 3 9 1 6  
2 . 5 5 6 7  
2 . 7 4 2 5  
2 . 9 5 3 2  
3 . 1 9 4 4  
3 . 4 1 3 2  
3 . 7 9 9 0  
4 , 1 0 4 7  
4 .  b484 
5 . 2 1 6 2  
5 . 9 2 7 2  
6 . 8 4 2 7  
8 , 0 6 5 0  
9 . 7 7 8 2  
1 2 . 3 5 0 5  
1 6 . 6 4 0 9  
25 .2264  
5 0 . 9 9 2 0  
6 3 . 8 7 6 2  
8 5 . 3 5 0 3  
. e 0 2 3 2  




. e 4 3 3 0  
. e 5 1 3 7  
. e 5 9 5 0  
, 8 6 7 7 1  
, 8 7 6 0 4  
, 8 8 4 5 1  
, 8 9 3 1 2  




, 9 3 8 8 8  
.94860  






1 3 1 1 . 1 3  
1 3 1 7 . 3 4  
1 3 2 3 . 6 4  
1 3 3 6 . 5 2  
1 3 3 7 . 8 3  
1 3 4 0 . 4 6  
1 3 4 1 . 7 7  
1 2 3 1 . 5 8  
1 2 3 1 . 8 4  
1 2 3 6 . 7 3  
1 2 4 1 . 5 9  
1 2 4 6 . 4 4  
1 2 5 1 . 3 0  
1 2 5 6 . 2 0  
1 2 6 1 . 1 5  
1 2 6 6 . 1 7  
1 2 7 1 . 2 7  
1 2 7 6 . 4 5  
1 2 8 1 . 7 2  
1 2 8 7 . 0 9  
1 2 9 2 . 5 6  
1 2 9 8 . 1 4  
1 3 0 3 . 8 2  
1 3 0 9 . 6 0  
1 3 1 5 . 4 8  
1 3 2 1 . 4 6  
1 3 2 7 . 5 4  
1 3 3 3 . 7 0  
1 3 3 9 . 9 5  
1 3 4 1 . 2 0  
1 3 4 2 . 4 7  
1 3 4 3 . 7 3  
1 2 3 2 . 7 9  
1 2 3 4 . 1 8  
1 2 3 8 . 9 4  
1 2 4 3 . 6 4  
1 2 4 8 . 3 2  
1 2 5 3 . 0 0  
1 2 5 7 . 7 0  
1 2 6 2 . 4 5  
1 2 6 7 . 2 4  
1 2 7 2 . 1 0  
1 2 7 7 . 0 3  
1 2 8 2 . 0 5  
1 2 8 7 . 1 5  
1 2 9 2 . 3 5  
1 2 9 7 . 6 4  
1 3 0 3 . 0 3  
1 3 0 8 . 5 2  
1 3 1 4 . 1 0  
1 3 1 9 . 7 7  
1 3 2 5 . 5 4  
1 3 3 1 . 4 0  
1337.33 
1 3  4 3 . 3.5 
1 3 4 4 . 5 7  
1 3 4 5 . 7 8  
1 3 3 0 . 0 4  
1 3 3 9 . 1 4  
-134%P_O- __ 
1 09396  
1 . 1 0 7 0 2  
1 12339  
1 , 14578  
1 19450  
1 , 2 5 0 4 5  
1 , 2 6 6 0 3  
, 9 9 9 9 3  
1 , 0 0 0 1 3  
1 , 0 0 7 8 3  
1, 01187 
1 01607 
1 02045  
1 e 02505  
1 , 0 2 9 9 0  
1 . 0 3 5 0 2  
1 , 04632 
1 05261  
1 , 0 5 9 4 5  
1 , 0 6 6 9 5  
1 t 0 7528 
1 08469  
1 , 0 9 5 5 6  
1910854  
l r  12483  
1 t 14712  
1 19574  
1 , 2 1 0 7 0  923165  
I 99804  
99908  
1 . 0 0 2 7 1  
1 . 0 0 6 4 4  
1 . 0 1 0 2 8  
1 t 01426  
1 o 01840 
1 . 0 2 2 7 2  
1 . 0 3 2 0 5  
1, 03712  
1 , C4252 
1 , 04830 
1 , 05453  
1 , 06130 
1 , 0 6 8 7 3  
1 07699  
1 08633  
1 , 0 9 7 1 2  
3 , 1 1 0 0 2  
1 n 1 2 6 2 3  
1 , 1 4 8 4 5  
1 t 18530  
1 . 1 9 6 9 7  
1 . 2 1 1 9 1  
1 . 1 8 2 8 0  
1 20948 
I__--- 
1 , 0 0 3 9 2  
1 , 0 4 0 4 8  
1 . 1 8 4 0 6  
- ~ ~ 7 2 1 _ _ _ _ _ _  
1 . 0 2 7 2 7  
. 1 7 5 5  
, 1 6 6 2  
. 1 5 6 8  
, 1 4 7 1  
, 1 3 7 2  
, 1 3 5 2  
,1331 
, 1 3 1 1  
, 2 8 0 6  
. 2 7 3 1  
. 2 5 9 5  
, 2 5 2 9  
, 2 4 6 5  
. 2 4 0 0  
. 2 3 3 5  
, 2 1 9 8  
. 2 1 2 7  
, 2 0 5 2  
. 1 9 7 5  
. 1 8 9 6  
, 1 8 1 3  
, 1 7 2 8  
t 1641  
, 1 5 5 1  
,1460  
. 1 3 6 6  
, 1 3 4 7  
- 1 3 0 9  
e 2661  
e 2268 
1328  
_ . 9 0 
, 2 9 0 4  
, 2 7 9 6  
, 2 8 7 0  
, 2 7 2 2  
.2b54  
, 2 5 8 9  
.2527  
, 2 4 6 5  
, 2 4 0 4  
+ 2343  
,2280  
, 2 2 1 6  
,2150  
* 2082 
, 2 0 1 1  
, 1 9 3 8  
.1e63 
9 1784  
, 1 7 0 4  
1 6 2 1  
a1450 
t 1361  
, 1 5 3 6  




THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
") 
____-- 
t P Vg a hg 89 c9 
- ~ _ .  
2300. a4000 128.2995 .99573 1347.00 1 23284 .1307 
2 3 -  2 Q . L - E . !  LL4!!8-- -99786  - . -S4---226- 













































































~ 6 0 0 0  
a4000 
-*__.2P P L  
24 9097 
24.0000 










1 2 . 0 0 0 0  
11.0000 
1 0 . 0 0 0 0  
9.0000 





3 . 0 0 0 0  
2.0000 
1 . 0 0 0 0  
































1 .6611  








































































































- . .99794 - - ___ _  - - __ 1351.44 1 I 26955 
.79140 1234.98 ,99434 



































































1 e 05819 
1.01215 
























































.99405 1352.39 1.21429 ,1320 
130. 6632 ,99683 1353.53 1.23519 .1304 
1354.66 1.21070 .1288 261.8411 .99801  2350 
2375. 26.2926 1.5843 ,78681 1235.93 ,99251  ,2973 
*2000  - - ~ _ _ _ ~  __---_ 
APPENDIX B 
THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base) 
t P vg a ik9 89 c9 
2375. 26.0000 1.6012 .78933 1237.28 ,99344 ,2943 
2375. 25.0000 1.6892 .79768 1241.80 -99661 2848 
2375 a 24.0000 1.7173 .BO570 1246.21 ,99983 .2766 
2375. 23.0000 1.8124 .E1346 1250.52 1.00310 .2693 
2375. 22.0000 1.9157 382103 1254.78 1.00645 .2628 
2375. 21.0000 2.0886 ,82847 1259.01 1.00989 ,2567 
2375. 20.0000 2.2124 .e3582 1263.23 1.01344 ,2510 
2375. 19.0000 2.3493 ,84313 1267.45 1.01712 .2455 
2375. 18.0000 2.5012 .E5043 1271.69 1,02094 .2402 
2375. 16.0000 2.8625 ,86511 1280.28 1.02910 .2298 
2375 a 15.0000 3.0195 .E7254 1284.65 1.03349 2245 
2375. 14 0 0 0 0  3.3280 .BE007 1289.08 1.03813 .2192 
2375. 13.0000 3.6150 .a8769 1293.58 1,04304 .2138 
2375. 11.0000 4.3415 .90332 1302.79 1.05389 .2024 
2375. 10.0000 4.8247 .91134 1307.51 1.05995 ,1965 
2375. 9 0000 5.4088 .91951 1312.31 1 e 06654 ,1904 
2375. 8.0000 6.1400 ,92783 1317.19 1.07379 1841 
2375. 7.0000 7 t 0812 .93630 1322.15 1.08186 .1776 
2375. 6 m 0000 8.3516 .94494 1327.19 1.09101 .1709 
2375. 4.0000 12.7413 .96268 1337.50 1.11430 ,1569 
2375. 3.0000 17.1490 .97179 1342.76 1q13030 .1497 
2375. 2.0000 25.9686 .98104 1348.10 1.15230 .1423 
2375. 1.0000 52.4552 .99045 1353.51 1.18893 .1348 
2375 e , 8 0 0 0  65.6696 ,99235 1354.60 1.20055 .1333 
2375. ,6000 81.7215 .99425 1355.69 1 a 21545 .1318 
2375. .4000 131.8441 .99616 1356.78 1.23634 .1302 
2375. 17.0000 2.6112 .a5774 1275.97 1,02493 ,2350 
2375. 12.0000 3.9504 .a9544 1298.15 1.04828 ,2082 




















































































































































































































THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (eont’d) 
(Monomer Gas Base) 







































































































































































































































































































































































































































THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base) 





































































































































































































































































































































































































































THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont’d) 
(Monomer Gas Base) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ ~  _- 























































































































































































































































































































1 e OH145 
1 08927 











































































































THERMODYNAMIC PROPERTIES OF POTASSIUM VAPOR (cont'd) 
(Monomer Gas Base) 
I c ,,$I 2 h'l .g cq 
- _. . _ _  ._ __ __ .______ 
. _ _  __ - - - - - - __-_ -. -
2525.  2 . 0 0 0 0  2 I . 4 J f  6 .98445 1369 .14  1 . 1 w 5 J  .1385 
2525. 1. u o o o  > 5 . 3 0 5 8  .9Y211 1373.57 1.1V58.3 .132Y 
2525.  . ~ l o u n  6Y. 2 4 0 8  * 99373 1374 .46  1.20138 .1318 
2 5 2 5 .  -6000  Y2.4661 .99529 13 75.36 1 22222 .1306 
7525.  ,4000 158.9ll.3 .996R6 1316 .25  1.24.30 3 ,1295 
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